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Preface 


You  have  in  your  hands  a  compact  symbolic  and  numerical  computer  that  will 
facilitate  calculation  and  mathematical  analysis  of  problems  in  a  variety  of 
disciplines,  from  elementary  mathematics  to  advanced  engineering  and 
science  subjects. 

This  manual  contains  examples  that  illustrate  the  use  of  the  basic  calculator 
functions  and  operations.  The  chapters  in  this  user's  manual  are  organized 
by  subject  in  order  of  difficulty:  from  the  setting  of  calculator  modes,  to  real 
and  complex  number  calculations,  operations  with  lists,  vectors,  and  matrices, 
graphics,  calculus  applications,  vector  analysis,  differential  equations, 
probability  and  statistics. 

For  symbolic  operations  the  calculator  includes  a  powerful  Computer 
Algebraic  System  (CAS),  which  lets  you  select  different  modes  of  operation, 
e.g.,  complex  numbers  vs.  real  numbers,  or  exact  (symbolic)  vs.  approximate 
(numerical)  mode.  The  display  can  be  adjusted  to  provide  textbook-type 
expressions,  which  can  be  useful  when  working  with  matrices,  vectors, 
fractions,  summations,  derivatives,  and  integrals.  The  high-speed  graphics  of 
the  calculator  are  very  convenient  for  producing  complex  figures  in  very  little 
time. 

Thanks  to  the  infrared  port  and  the  USB  cable  available  with  your  calculator, 
you  can  connect  your  calculator  with  other  calculators  or  computers.  The 
high-speed  connection  through  infrared  or  USB  allows  the  fast  and  efficient 
exchange  of  programs  and  data  with  other  calculators  or  computers.  The 
calculator  provides  a  flash  memory  card  port  to  facilitate  storage  and 
exchange  of  data  with  other  users. 

We  hope  your  calculator  will  become  a  faithful  companion  for  your  school 
and  professional  applications. 
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Chapter  1 
Getting  started 

This  chapter  is  aimed  at  providing  basic  information  in  the  operation  of  your 
calculator.  The  exercises  ore  aimed  at  familiarizing  yourself  with  the  basic 
operations  and  settings  before  actually  performing  a  calculation. 

Basic  Operations 

The  following  exercises  are  aimed  at  getting  you  acquainted  with  the 
hardware  of  your  calculator. 

Batteries 

The  calculator  uses  3  AAA  (LR03)  batteries  as  main  power  and  a  CR2032 
lithium  battery  for  memory  backup. 

Before  using  the  calculator,  please  install  the  batteries  according  to  the 
following  procedure. 

To  install  the  main  batteries 

a.  Make  sure  the  calculator  is  OFF.  Slide  up  the  battery  compartment  cover 
as  illustrated. 


b.  Insert  3  new  AAA  (LR03)  batteries  into  the  main  compartment.  Make  sure 
each  battery  is  inserted  in  the  indicated  direction. 

To  install  the  backup  battery 

a.  Make  sure  the  calculator  is  OFF.  Press  down  the  holder.  Push  the  plate  to 
the  shown  direction  and  lift  it. 
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Holder 


b.  Insert  a  new  CR2032  lithium  battery.  Make  sure  its  positive  (+)  side  is 
facing  up. 

c.  Replace  the  plate  and  push  it  to  the  original  place. 

After  installing  the  batteries,  press  [ON]  to  turn  the  power  on. 
Warning:  When  the  low  battery  icon  is  displayed,  you  need  to  replace  the 
batteries  as  soon  as  possible.  However,  avoid  removing  the  backup  battery 
and  main  batteries  at  the  same  time  to  avoid  data  lost. 


Turning  the  calculator  on  and  off 

The  LmJ  key  is  located  at  the  lower  left  corner  of  the  keyboard.  Press  it  once 
to  turn  your  calculator  on.  To  turn  the  calculator  off,  press  the  red  right-shift 
key  Crl]  (first  key  in  the  second  row  from  the  bottom  of  the  keyboard), 
followed  by  the  LowJ  key.  Notice  that  the  (jwj  key  has  a  red  OFF  label 
printed  in  the  upper  right  corner  as  a  reminder  of  the  OFF  command. 

Adjusting  the  display  contrast 

You  can  adjust  the  display  contrast  by  holding  the  key  while  pressing  the 
L+J  or  CED  keys. 

The  i_2!iJ  (hold)  L±J  key  combination  produces  a  darker  display 
The  LoNj(hold)  CZiD  key  combination  produces  a  lighter  display 
Contents  of  the  calculator's  display 

Turn  your  calculator  on  once  more.  At  the  top  of  the  display  you  will  have 
two  lines  of  information  that  describe  the  settings  of  the  calculator.  The  first 
line  shows  the  characters: 
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For  details  on  the  meaning  of  these  specifications  see  Chapter  2  in  the 
calculator's  user's  guide. 

The  second  line  shows  the  characters 

:■      !  !  B-B  !v!  r"  'a 

■■.  ni..ii  !Ei  .■■ 

indicating  that  the  HOME  directory  is  the  current  file  directory  in  the 
calculator's  memory. 

At  the  bottom  of  the  display  you  will  find  a  number  of  labels,  namely, 

aniramn  a'nm'aT!  is  ■?rc;ra!  ay  !SB::E:'aB?!a  !  ■n-n-n-a"!  KaTM":!":'!"'! 
S.:!.Li:ja »  [a:B[:jij3.Bj  iSj:i£!j:iSS  !s:;aj!BLa!  I  .sI.lI.lIbL!.:!  !^S=!~u.!i:i 

associated  with  the  six  soft  menu  keys,  Fl  through  F6: 

The  six  labels  displayed  in  the  lower  part  of  the  screen  will  change  depending 
on  which  menu  is  displayed.  But  (JL)  will  always  be  associated  with  the  first 
displayed  label,  C"~]  with  the  second  displayed  label,  and  so  on. 

Menus 

The  six  labels  associated  with  the  keys  QD  through  ffT]  form  part  of  a  menu 
of  functions.  Since  the  calculator  has  only  six  soft  menu  keys,  it  only  display  6 
labels  at  any  point  in  time.  However,  a  menu  can  have  more  than  six  entries. 
Each  group  of  6  entries  is  called  a  Menu  page.  To  move  to  the  next  menu 
page  (if  available),  press  the  (nxtJ  (NeXT  menu)  key.  This  key  is  the  third  key 
from  the  left  in  the  third  row  of  keys  in  the  keyboard. 

The  TOOL  menu 

The  soft  menu  keys  for  the  default  menu,  known  as  the  TOOL  menu,  are 
associated  with  operations  related  to  manipulation  of  variables  (see  section 
on  variables  in  this  Chapter): 

Oljllii     QD      EDIT  the  contents  of  a  variable  (see  Chapter  2  in  this  guide 
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and  Chapter  2  and  Appendix  L  in  the  user's  guide  for  more 

information  on  editing) 
C^n      VIEW  the  contents  of  a  variable 
CjT]      ReCaLl  the  contents  of  a  variable 
C2D      STOre  the  contents  of  a  variable 
(jD      purge  a  variable 
nn      CLEAR  the  display  or  stack 


These  six  functions  form  the  first  page  of  the  TOOL  menu.  This  menu  has 
actually  eight  entries  arranged  in  tv/o  pages.  The  second  page  is  available 
by  pressing  the  [nxt)  (NeXT  menu)  key.  This  key  is  the  third  key  from  the  left 
in  the  third  row  of  keys  in  the  keyboard. 

In  this  case,  only  the  first  two  soft  menu  keys  have  commands  associated  with 
them.  These  commands  are: 


lisiisiiiii    QD      CASCMD:  CAS  CoMmanD,  used  to  launch  a  command  from 
the  CAS  (Computer  Algebraic  System)  by  selecting  from  a  list 

ErUO    r«l      HELP  facility  describing  the  commands  available  in  the 
calculator 


Pressing  the  [hxt)  key  will  show  the  original  TOOL  menu.  Another  way  to 
recover  the  TOOL  menu  is  to  press  the  IjpoL]  key  (third  key  from  the  left  in  the 
second  row  of  keys  from  the  top  of  the  keyboard). 

Setting  time  and  date 

See  Chapter  1  in  the  calculator's  user's  guide  to  learn  how  to  set  time  and 
date. 


Introducing  the  calculator's  keyboard 

The  figure  below  shows  a  diagram  of  the  calculator's  keyboard  with  the 
numbering  of  its  rows  and  columns.  Each  key  has  three,  four,  or  five  functions. 
The  main  key  function  correspond  to  the  most  prominent  label  in  the  key. 
Also,  the  green  left-shift  key,  key  (8, 1),  the  red  right-shift  key,  key  (9, 1),  and 
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the  blue  ALPHA  key,  key  (7, 1),  can  be  combined  with  some  of  the  other  keys 
to  activate  the  alternative  functions  shown  in  the  keyboard. 


Colu 

Row 

1  ► 

2  ► 

3  ► 

4  ► 

5  ► 

6  ► 

7  ► 

8  ► 

9  ► 
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For  example,  the 
with  it: 


key,  key(4,4),  has  the  following  six  functions  associated 


[syMB)  Main  function,  to  activate  the  SYMBolic  menu 

(jT)*!™_  Left-shift  function,  to  activate  the  MTH  (Math)  menu 

LnJ    cAT^  Right-shift  function,  to  activate  the  CATalog  function 
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[alpha)(p}  alpha  function,  to  enter  the  upper-case  letter  P 

[mmS^JjJCB        ALPHA-Left-Shift  function,  to  enter  the  lower-case  letter  p 
(^™]CrD(21        ALPHA-Right-Shift  function,  to  enter  the  symbol  n 

Of  the  six  functions  associated  with  a  key  only  the  first  four  are  shown  in  the 
keyboard  itself.  The  figure  in  next  page  shows  these  four  labels  for  the  ijrm] 
key.  Notice  that  the  color  and  the  position  of  the  labels  in  the  key,  namely, 
SYMB,  MTH,  CAT  and  P,  indicate  which  is  the  main  function  (SYMB),  and 
which  of  the  other  three  functions  is  associated  with  the  left-shift  (jT](Mr/-/), 
right-shift  CS  [CAT),  and  (alpha]  (P)  keys. 

MTH  CAT 


SYMB  X 


For  detailed  information  on  the  calculator  keyboard  operation  refer  to 
Appendix  B  in  the  calculator's  user's  guide. 

Selecting  calculator  modes 

This  section  assumes  that  you  are  now  at  least  partially  familiar  with  the  use  of 
choose  and  dialog  boxes  (if  you  are  not,  please  refer  to  appendix  A  in  the 
user's  guide). 

Press  the  [modeJ  button  (second  key  from  the  left  on  the  second  row  of  keys  from 
the  top)  to  show  the  following  CALCULATOR  MODES  input  form: 

^^^CflLCULflTOR  HOPES 
Optro-tin?  Hojg..niEn3gtB 
nuHb<r  F*rHOt....S'td  _FMj 
HnjU  H«o;ur4....Rodion; 
C**rd  SyftiH  Rictan^ulor 


FLflGSlCHOOSl  CflSfDISP  ICflnCLl  OK 
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Press  the  ^"  [(jiJ  )  soft  menu  key  to  return  to  normal  display.  Examples  of 
selecting  different  calculator  modes  are  sfiown  next. 

Operating  Mode 

Tfie  calculator  offers  two  operating  modes:  tfie  Algebraic  mode,  and  tfie 
Reverse  Polish  Notation  (RPN)  mode.  The  default  mode  is  the  Algebraic 
mode  (as  indicated  in  the  figure  above),  however,  users  of  earlier  HP 
calculators  may  be  more  familiar  with  the  RPN  mode. 

To  select  an  operating  mode,  first  open  the  CALCULATOR  MODES  input  form 
by  pressing  the  [mode)  button.  The  Operating  Mode  field  will  be  highlighted. 
Select  the  Algebraic  or  RPN  operating  mode  by  either  using  the  CZtD  key 
(second  from  left  in  the  fifth  row  from  the  keyboard  bottom),  or  pressing  the 
lflII33asoft  menu  key  (  C"~] ).  If  using  the  latter  approach,  use  up  and  down 
arrow  keys,  ^3? ,  to  select  the  mode,  and  press  the  iSSSS  soft  menu  key 
to  complete  the  operation. 

To  Illustrate  the  difference  between  these  two  operating  modes  we  will 
calculate  the  following  expression  in  both  modes: 


3.0  • 


1 


5.0- 

V         3.0- 3.0 y 


+  e 


2.5 


23.0- 


To  enter  this  expression  in  the  calculator  we  will  first  use  the  equation  writer, 
[  i->  J  EQw^  .  Please  identify  the  following  keys  in  the  keyboard,  besides  the 
numeric  keypad  keys: 

CZD  SD  Q  S  S 

CZD      ^  CED -£2vv  cj)  CD  ^  ^  (w^ 


The  equation  writer  is  a  display  mode  in  which  you  can  build  mathematical 
expressions  using  explicit  mathematical  notation  including  fractions, 
derivatives,  integrals,  roots,  etc.  To  use  the  equation  writer  for  writing  the 
expression  shown  above,  use  the  following  keystrokes: 

(^CECIDCxDSDl^  CSdDQ 
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□D  CZD  S  CZ3     CaD  dD 
^^^^^ 
d3  CJD  CiD  CD  CXD  CID  CD  CD  d3  CID  CZD  CS 

After  pressing  [inter]  the  calculator  displays  the  expression: 

V  {3.*(5.-l/(3.*3.)) /2  3. "3+EXP (2.5)) 

Pressing  (^ra) again  will  provide  the  following  value  (accept  Approx  mode  on, 
if  asked,  by  pressing  BSIISE]: 


5.- 


3.'3.  .  2.5 

— ^  '■5 


23. 


3.4905156362S 


EDflT   EPflR   PPflR  CflSDI 


You  could  also  type  the  expression  directly  into  the  display  without  using  the 
equation  writer,  as  follows: 

dD  CXD  CD  CK]      1^  CTD  CD  CD 

CD  CD  CX]  GJ  CD]  CX3  CD  CD 
SCZDCDCDCDCDdDSD?^  CDCDCD[«s) 

to  obtain  the  same  result. 

Change  the  operating  mode  to  RPN  by  first  pressing  the  [mode]  button.  Select 
the  RPN  operating  mode  by  either  using  the  CDDkey,  or  pressing  the 
!flII33§  soft  menu  key.  Press  the  IGJi  (CD  )  soft  menu  key  to  complete  the 
operation.  The  display,  for  the  RPN  mode  looks  as  follows: 


Notice  that  the  display  shows  several  levels  of  output  labeled,  from  bottom  to 
top,  as  1 ,  2,  3,  etc.   This  is  referred  to  as  the  stack  of  the  calculator.  The 
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different  levels  are  referred  to  as  the  stack  levels,  i.e.,  stack  level  1,  stack  level 
2,  etc. 

Basically,  what  RPN  means  is  tfiat,  instead  of  v/riting  an  operation  sucfi  as  3 
+  2,  in  tfie  calculator  by  using 


v/e  v/rite  first  tfie  operands,  in  the  proper  order,  and  then  the  operator,  i.e., 

CX)     CTH  C+D 

As  you  enter  the  operands,  they  occupy  different  stack  levels.  Entering 
l_3_j[iNm)  puts  the  number  3  in  stack  level  1.  Next,  entering  [_JJ (fwres)  pushes 
the  3  upwards  to  occupy  stack  level  2.  Finally,  by  pressing  (.  +  J,  we  are 
telling  the  calculator  to  apply  the  operator,  or  program,  I  +  J  to  the  objects 
occupying  levels  1  and  2.  The  result,  5,  is  then  placed  in  level  1 . 

Let's  try  some  other  simple  operations  before  trying  the  more  complicated 
expression  used  earlier  for  the  algebraic  operating  mode: 


Notice  the  position  of  the  y  and  the  x  in  the  last  two  operations.  The  base  in 
the  exponential  operation  is  y  (stack  level  2)  while  the  exponent  is  x  (stack 
level  1)  before  the  key  CZD  is  pressed.  Similarly,  in  the  cubic  root  operation, 
y  (stack  level  2)  is  the  quantity  under  the  root  sign,  and  x  (stack  level  1)  is  the 
root. 

Try  the  following  exercise  involving  3  factors:  (5  +  3)  x  2 

(X)(^CID(^C+D  Calculates  (5  +3)  first. 

ClDCZD  Completes  the  calculation. 

Let's  try  now  the  expression  proposed  earlier: 


123/32 
3V(V27) 


dD  C7D     CS  QD  ED  ^ 
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3- 

I  3-3j 

23^ 

(.  J  }{iNfER]  Enter  3  in  level  1 

I  5  JLs^raJ  Enter  5  in  level  1,  3  moves  to  level  2 

LJJt^HJ  Enter  3  in  level  1,  5  moves  to  level  2,  3  to  level  3 

[  3  J(.  X  J  Place  3  and  multiply,  9  appears  in  level  1 

(.    J  1/(3x3),  lost  value  in  lev.  1;  5  in  level  2;  3  in  level  3 

I  —  J  5  -  1/(3x3) ,  occupies  level  1  now,  3  in  level  2 

i_xj  3x  (5  -  1/(3x3)),  occupies  level  1  now. 

[THCX][£N7h)     Enter  23  in  level  1,  14.66666  moves  to  level  2. 

CTDCZH  Enter  3,  calculate  23^  into  level  1 .  14.666  in  lev.  2. 

(3x  (5-1  /(3x3)))/233  into  level  1 
CX3GDCID     Enter  2.5  level  1 

C^D?^   e^^,  goes  into  level  1,  level  2  shov/s  previous  value. 

(3x  (5  -  1  /(3x3)))/233 ,  e2-5  =  12.1 8369,  into  lev.  1 . 
V((3x  (5  -  l/(3x3)))/23^e")  =  3.4905156,  into  1. 


To  select  betv/een  the  ALG  vs.  RPN  operating  mode,  you  can  also  set/clear 
system  flog  95  through  the  following  keystroke  sequence: 

|[il-G3a  ^[^(^ C5D ^ C5D iv^EEEl! 


Number  Format  and  decimal  dot  or  comma 

Changing  the  number  format  allows  you  to  customize  the  way  real  numbers 
are  displayed  by  the  calculator.  You  will  find  this  feature  extremely  useful  in 
operations  with  powers  of  tens  or  to  limit  the  number  of  decimals  in  a  result. 

To  select  a  number  format,  first  open  the  CALCULATOR  MODES  input  form  by 
pressing  the  [mode]  button.  Then,  use  the  down  arrow  key,  to  select  the 
option  Number  format.  The  default  value  is  Std,  or  Standard  format.  In  the 
standard  format,  the  calculator  will  show  floating-point  numbers  with  no  set 
decimal  placement  and  with  the  maximum  precision  allowed  by  the  calculator 
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(12  significant  digits). "To  learn  more  about  reals,  see  Chapter  2  in  this  guide. 
To  illustrate  this  and  other  number  formats  try  the  following  exercises: 


•    Standard  format: 

This  mode  is  the  most  used  mode  as  it  shows  numbers  in  the  most  familiar 
notation.  Press  the  SaM  soft  menu  key,  with  the  Number  format  set  to 
Sfcf,  to  return  to  the  calculator  display.  Enter  the  number 
123.4567890123456  (withl6  significant  figures).  Press  the  key. 
The  number  is  rounded  to  the  maximum  1 2  significant  figures,  and  is 
displayed  as  follows: 


: 123.4567S9012 

123.456739012 


EDITlVIEHl  RCL  |  £T0^  IPURGEICLEHR 


•    Fixed  format  with  decimals: 

Press  the  [mo«J  button.  Next,  use  the  down  arrow  key,  ,  to  select  the 
option  Number  format.  Press  the  EEESsoft  menu  key  (  (jQ  );  and  select 
the  option  Fixed  with  the  arrow  down  key  "sj?  . 


^^CflLCULflTOR  MODES 

nuHb<r  ForHat....l*BI  0  _FMj 
Hn^U  H«o;ur4....Rodion; 

C**rd  SyftiH  Rictan^ulor 

^R<«P    _K<y  ClicR    ^Loft  StocR 


FLflGSlCHOOSi  CflSf  DISP  ICflnCLl  OK 


Press  the  right  arrow  key,  CD,  to  highlight  the  zero  in  front  of  the  option 
Fix.  Press  the  llllIIIEEil  soft  menu  key  and,  using  the  up  and  down  arrow 
keys,  (^^'^T? ,  select,  say,  3  decimals. 


Opsr 
nuHb 


.FM, 
■  lay 


CHRCL  OK 
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Press  the  a^iiaiisoft  menu  key  to  complete  the  selection: 


CHLCULATOR  HODES 

nuHb<r  F*rHO't....Fix  9  _FMj 
frn^i.!  H4o;ur«....Ro4ionf 

C**rd  SyftiH  R«ctan3Ular 

^R«<P    _Ki])  Click    ^Lojt  StocR 


Press  the  SEES!  soft  menu  key  return  to  the  calculator  display, 
number  now  is  shown  as: 


The 


123.457 


123.457 


EDIT   VIEH    RCL  ^TO^  PURGE  CLEAR 


Notice  how  the  number  is  rounded,  not  truncated.  Thus,  the  number 

1 23.45678901 23456,  for  this  setting,  is  displayed  as  1 23.457,  and  not 

as  1  23.456  because  the  digit  after  6  is  >  5. 

Scientific  format 

To  set  this  format,  start  by  pressing  the  button.  Next,  use  the  down 
arrow  key,  ^^3?,  to  select  the  option  Number  format.  Press  the soft 
menu  key  (  ),  and  select  the  option  Scientific  with  the  arrow  down  key 
kj/ .  Keep  the  number  3  in  front  of  the  Sci.  (This  number  can  be 
changed  in  the  same  fashion  that  we  changed  the  Fixed  number  of 
decimals  in  the  example  above). 


CALCULATOR  HODES 

nuHb<r  ForHat....MH  3  _FMj 
AnjU  H«o;ur4....Rodion; 

C**rd  SyftiH  Rictan^ulor 

^R<«P    _K<y  ClicR    ^Loft  StocR 

Ch**f<  nuHb«r  difpUy  F^rHot 


FLAC£  CHOO£   CA£    DI^P  CAnCL  OK 


Press  the  HKiiaHsoft  menu  key  return  to  the  calculator  display, 
number  now  is  shown  as: 


The 
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1.235E2 


1 . 235E2 


EDIT   VIEH    RCL  ^TO^  PURGE  CLEHR 


This  result,  1 .23E2,  is  the  calculator's  version  of  powers-of-ten  notation, 
i.e.,  1.235  X  10^.  In  this,  so-called,  scientific  notation,  the  number  3  in 
front  of  the  Sci  number  format  (shown  earlier)  represents  the  number  of 
significant  figures  after  the  decimal  point.  Scientific  notation  always 
includes  one  integer  figure  as  shown  above.  For  this  case,  therefore,  the 
number  of  significant  figures  is  four. 


Engineering  format 

The  engineering  format  is  very  similar  to  the  scientific  format,  except  that 
the  powers  of  ten  are  multiples  of  three.  To  set  this  format,  start  by 
pressing  the  iMoofJ  button.  Next,  use  the  down  arrow  key,  '^7,  to  select 
the  option  Number  format.  Press  the  fJIHEsoft  menu  key  (  C2D  ),  and 
select  the  option  Engineering  with  the  arrow  down  key 's^? .  Keep  the 
number  3  in  front  of  the  Eng.  (This  number  can  be  changed  in  the  same 
fashion  that  we  changed  the  Fixed  number  of  decimals  in  an  earlier 
example). 


CHLCULHTOR  HODES 
Opifitins  H«d«..HI.3«broic 
nuHb«r  F«rH0t....En3  9 
HnjU  H«o;ur4....Rodion; 

C**rd  SyftiH  Rictan^ulor 

^R<«P    _K<y  ClicR    ^Loft  StocR 

Ch««f«  dcciHol.  pyiiis  t<}  difpUy 


Press  the  !"!!':!":"!:  soft  menu  key  return  to  the  calculator  display.  The 
number  now  is  shown  as: 


123. 5E0 


123. 5E0 


EDIT   VIEH    RCL  ^TD^  PURGE  CLEHR 


Because  this  number  has  three  figures  in  the  integer  part,  it  is  shown  with 
four  significative  figures  and  a  zero  power  of  ten,  while  using  the 
Engineering  format.  For  example,  the  number  0.00256,  will  be  shown  as: 
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123. 5E0 

123. 5E0 

2.560E-3 

2.560E-3 


EDIT   VIEH    RCL  ^TO^  PURGE  CLEHR 


Decimal  comma  vs.  decimal  point 

Decimal  points  in  floating-point  numbers  can  be  replaced  by  commas,  if 
the  user  is  more  familiar  with  such  notation.  To  replace  decimal  points  for 
commas,  change  the  FhA  option  in  the  CALCULATOR  MODES  input  form 
to  commas,  as  follows  (Notice  that  we  have  changed  the  Number  Format 
to  Std): 


•     Press  the  (moo)  button.  Next,  use  the  down  arrow  key,       ,  once,  and  the 

right  arrow  key,  (T) ,  highlighting  the  option  FM,.    To  select  commas, 

press  the  il^^lflliiiili  soft  menu  key  (i.e.,  the  (jQ  key).  The  input  form  will 
look  as  follows: 


^^CflLCULflTOR  MODES 

nuHb<r  F*rHOt....Std  gFM, 
Hn^U  H«o;ur4....Rodion; 

C**rd  SyftiH  Rictan^ulor 

^D<«P    _K<y  ClicR    ^Loft  StocR 


flSgsI^chRT  cflsfDisp  icflncLl  ok 


•     Press  the        """soft  menu  key  return  to  the  calculator  display, 
number  1  23.45678901  23456,  entered  earlier,  now  is  shown  as: 


The 


123,456739012 

123,456739012 


EDIT   VIEH    RCL    STD^  PURGE  CLEHR 


Angle  Measure 

Trigonometric  functions,  for  example,  require  arguments  representing  plane 
angles.  The  calculator  provides  three  different  Angle  Measure  modes  for 
working  with  angles,  namely: 

•  Degrees:  There  are  360  degrees  (360°)  in  a  complete  circumference. 

•  Radians:  There  are  2;r  radians  (2;r']  in  a  complete  circumference. 
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•  Grades:  There  are  400  grades  (400  ^)  in  a  complete  circumference. 

The  angle  measure  affects  the  trig  functions  like  SIN,  COS,  TAN  and 
associated  functions. 

To  change  the  angle  measure  mode,  use  the  following  procedure: 

•  Press  the  (mode)  button.  Next,  use  the  down  arrow  key,  ,  twice.  Select 
the  Angle  Measure  mode  by  either  using  the  QtDkey  (second  from  left  in 
the  fifth  row  from  the  keyboard  bottom),  or  pressing  the  sislilylysl  soft  menu 
key  (  ).  If  using  the  latter  approach,  use  up  and  down  arrow 
keys,^5b  ,  to  select  the  preferred  mode,  and  press  the  !:!":!":"!!"  (C^  ) 
soft  menu  key  to  complete  the  operation.  For  example,  in  the  following 
screen,  the  Radians  mode  is  selected: 

^^^CflLCULflTOR  MODES 

nuHb<r  F^rHJt....S'tj  _FM, 
Hn^U  H«o;ur4....[XEBES 
C**rd  SyftiH  Rictan^ulor 


FLflGSlCHOOSi  CflSfDISP  ICflnCLl  OK 


Coordinate  System 

The  coordinate  system  selection  affects  the  way  vectors  and  complex  numbers 
are  displayed  and  entered.  To  learn  more  about  complex  numbers  and 
vectors,  see  Chapters  4  and  8,  respectively,  in  this  guide.  There  are  three 
coordinate  systems  available  in  the  calculator:  Rectangular  (RECT),  Cylindrical 
(CYLIN),  and  Spherical  (SPHERE).  To  change  coordinate  system: 

•  Press  the  ImodcJ  button.  Next,  use  the  down  arrow  key,  's^?,  three  times. 
Select  the  Coord  System  mode  by  either  using  the  I  +1-  J  key  (second  from 
left  in  the  fifth  row  from  the  keyboard  bottom),  or  pressing  the  ISHiilSi  soft 
menu  key  (  (JL)  )■  If  using  the  latter  approach,  use  up  and  down  arrow 
keys,(^  to  select  the  preferred  mode,  and  press  the  iiSIli  ( r»~] ) 

soft  menu  key  to  complete  the  operation.  For  example,  in  the  following 
screen,  the  Polar  coordinate  mode  is  selected: 
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^^^CflLCULflTOR  MODES 

nuHb<r  F*rHOt....S'td  _FMj 
flnaU  Htjjur<....Rjjijnj 
C44rd  Syft^H  [SEI^^^H 


FLflGSlCHOOSi  CflSf  DISP  ICflnCLl  OK 


Selecting  CAS  settings 

CAS  stands  for  Computer  Algebraic  System.  This  is  the  mathematical  core  of 
the  calculator  where  the  symbolic  mathematical  operations  and  functions  are 
programmed.  The  CAS  offers  a  number  of  settings  can  be  adjusted  according 
to  the  type  of  operation  of  interest.  To  see  the  optional  CAS  settings  use  the 
following: 


Press  the  (m)  button  to  activate  the  CALCULATOR  MODES  input  form. 


CflLCULflTOR  HOPES 
Optro-tins  Hojg..niEn3gtB 
nuHb<r  F*rH0t....S'td 
HnsU  H«o;ur4....arod; 

C**rd  SyftiH  Rictan^ulor 

^R<«P    _K<y  ClicR    ^Loft  StocR 


FLHGS  CHOOS   CHS    DISP  CHnCL  OK 


To  change  CAS  settings  press  the  iliiiil  soft  menu  key.  The  default  values 
of  the  CAS  setting  are  shown  below: 


CAS  MODES 

Indcp  uor:; 

_nuH<ric  _flppr*x  _C*Mpl«x 
_V«rb*f<  _St<p''S't«p  _Intr  P*h 
^Ri3*r*uf  ^SiHp  n^n-Roti^nol 


CARCL  OK 


•  To  navigate  through  the  many  options  in  the  CAS  MODES  input  form,  use 
the  arrow  keys:  (DCD^O^t^  ■ 

•  To  select  or  deselect  any  of  the  settings  shown  above,  select  the  underline 
before  the  option  of  interest,  and  toggle  the  Si^EEEll  soft  menu  key  until  the 

right  setting  is  achieved.  When  an  option  is  selected,  a  check  mark  will 
be  shown  in  the  underline  (e.g.,  the  Rigorous  and  Simp  Non-Rational 
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options  above).  Unselected  options  will  show  no  check  mark  in  the 
underline  preceding  the  option  of  interest  (e.g.,  the  _Numenc,  _Approx, 
_Complex,   Verbose,  _Sfep/Step,   Incr  Pow  options  above). 

•  After  having  selected  and  unselected  all  the  options  that  you  want  in  the 
CAS  MODES  input  form,  press  the  ilSSSi  soft  menu  key.  This  will  take  you 
back  to  the  CALCULATOR  MODES  input  form.  To  return  to  normal 
calculator  display  at  this  point,  press  the  SESS  soft  menu  key  once  more. 

Explanation  of  CAS  settings 

•  Indep  var:  The  independent  variable  for  CAS  applications.  Typically,  VX 
=  X. 

•  Modulo:  For  operations  in  modular  arithmetic  this  variable  holds  the 
modulus  or  modulo  of  the  arithmetic  ring  (see  Chapter  5  in  the  calculator's 
user's  guide). 

•  Numeric:  If  set,  the  calculator  produces  a  numeric,  or  floating-point  result, 

in  calculations. 

•  Approx:  If  set.  Approximate  mode  uses  numerical  results  in  calculations.  If 
unchecked,  the  CAS  is  in  Exact  mode,  which  produces  symbolic  results  in 
algebraic  calculations. 

•  Complex:  if  set,  complex  number  operations  are  active.  If  unchecked  the 
CAS  is  in  Real  mode,  i.e.,  real  number  calculations  are  the  default.  See 
Chapter  4  for  operations  with  complex  numbers. 

•  Verbose:  If  set,  provides  detailed  information  in  certain  CAS  operations. 

•  Step/Step:  If  set,  provides  step-by-step  results  for  certain  CAS  operations. 
Useful  to  see  intermediate  steps  in  summations,  derivatives,  integrals, 
polynomial  operations  (e.g.,  synthetic  division),  and  matrix  operations. 

•  Incr  Pow:  Increasing  Power,  means  that,  if  set,  polynomial  terms  are 
shown  in  increasing  order  of  the  powers  of  the  independent  variable. 

•  Rigorous:  If  set,  calculator  does  not  simplify  the  absolute  value  function 
|X|  toX. 

•  Simp  Non-Rational:  If  set,  the  calculator  will  try  to  simplify  non-rational 
expressions  as  much  as  possible. 

Selecting  Display  modes 
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The  calculator  display  con  be  customized  to  your  preference  by  selecting 
different  display  modes.  To  see  thie  optional  display  settings  use  the  following: 

•  First,  press  the  [mode)  button  to  activate  the  CALCULATOR  MODES  input 
form.  Within  the  CALCULATOR  MODES  input  form,  press  the  BHi^SSS  soft 
menu  key  {(jt)  )  to  display  the  DISPLAY  MODES  input  form. 

Fcnt:  Ft  S_0:  SYSTEM  S 

Edit:  g^HoU  _FuU  Fi^s  _Ind<nt 
ECH:    _ShoU  _SmoU  Stick  Dilf 
Edit  ujinj  jhjU  f^nt?  

•  To  navigate  through  the  many  options  in  the  DISPLAY  MODES  input  form, 
use  the  arrow  keys:  C±)CD'^^ • 

•  To  select  or  deselect  any  of  the  settings  shown  above,  that  require  a  check 
mark,  select  the  underline  before  the  option  of  interest,  and  toggle  the 
s^IujI!  soft  menu  key  until  the  right  setting  is  achieved.  When  an  option 
is  selected,  a  check  mark  will  be  shown  in  the  underline  (e.g.,  the 
Textbook  option  in  the  Stack:  line  above).  Unselected  options  will  show 
no  check  mark  in  the  underline  preceding  the  option  of  interest  (e.g.,  the 
_Small,  _Full  page,  and  _/f7cfenf  options  in  the  Edit:  line  above). 

•  To  select  the  Font  for  the  display,  highlight  the  field  in  front  of  the  Font: 
option  in  the  DISPLAY  MODES  input  form,  and  use  the  ESSSSsoft  menu 

key  ((jD  ). 

•  After  having  selected  and  unselected  all  the  options  that  you  want  in  the 

DISPLAY  MODES  input  form,  press  the  soft  menu  key.  This  will  take 
you  back  to  the  CALCULATOR  MODES  input  form.  To  return  to  normal 
calculator  display  at  this  point,  press  the  IEI3I  soft  menu  key  once  more. 

Selecting  the  display  font 

First,  press  the  (mon)  button  to  activate  the  CALCULATOR  MODES  input  form. 
Within  the  CALCULATOR  MODES  input  form,  press  the  Eiuiji  soft  menu  key 
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(GD)  to  display  the  DISPLAY  MODES  input  form.  The  Font:  field  is 
highlighted,  and  the  option  Ft8_0:system  8  is  selected.  This  is  the  default 
value  of  the  display  font.  Pressing  the  IHIEEB  soft  menu  key  (CjL) ),  will  provide 
a  list  of  available  system  fonts,  as  shown  below: 


DI^PLHY  HODE£ 


Edit 


Font  e 

Choojt         tH  Fori t 


CflnCL  OK 


The  options  available  are  three  standard  System  Fonts  (sizes  8,  7,  and  6)  and 
a  ^royjse..  option.  The  latter  v/ill  let  you  browse  the  calculator  memory  for 
additional  fonts  that  you  may  have  created  or  downloaded  into  the  calculator. 

Practice  changing  the  display  fonts  to  sizes  7  and  6.  Press  the  OK  soft  menu 
key  to  effect  the  selection.  When  done  with  a  font  selection,  press  the  UlLyj^lg 
soft  menu  key  to  go  back  to  the  CALCULATOR  MODES  input  form.  To  return 
to  normal  calculator  display  at  this  point,  press  the  soft  menu  key  once 

more  and  see  how  the  stack  display  change  to  accommodate  the  different  font. 


Selecting  properties  of  the  line  editor 

First,  press  the  button  to  activate  the  CALCULATOR  MODES  input  form. 
Within  the  CALCULATOR  MODES  input  form,  press  the  CESlsoft  menu  key 
(ffH  )  to  display  the  DISPLAY  MODES  input  form.  Press  the  down  arrow  key, 
,  once,  to  get  to  the  F6\t  line.  This  line  shows  three  properties  that  can  be 
modified.  When  these  properties  are  selected  (checked)  the  following  effects 
are  activated: 

_Small  Changes  font  size  to  small 

_Full  page        Allows  to  place  the  cursor  after  the  end  of  the  line 
Jndent  Auto  indent  cursor  when  entering  a  carriage  return 

Instructions  on  the  use  of  the  line  editor  are  presented  in  Chapter  2  in  the 
user's  guide. 
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Selecting  properties  of  the  Stack 

First,  press  the  (mode)  button  to  activate  the  CALCULATOR  MODES  input  form. 
Within  the  CALCULATOR  MODES  input  form,  press  the  WSSS  soft  menu  key 
(CHD  )  to  display  the  DISPLAY  MODES  input  form.  Press  the  down  arrow  key, 
twice,  to  get  to  the  Stack  line.  This  line  shows  two  properties  that  can  be 
modified.  When  these  properties  are  selected  (checked)  the  following  effects 
are  activated: 


Small  Changes  font  size  to  small.   This  maximizes  the  amount  of 

information  displayed  on  the  screen.  Note,  this  selection 
overrides  the  font  selection  for  the  stack  display. 

Textbook        Displays  mathematical  expressions  in  graphical  mathematical 
notation 


To  illustrate  these  settings,  either  in  algebraic  or  RPN  mode,  use  the  equation 
writer  to  type  the  following  definite  integral: 

CED^CED  (CE]CDI3D°^CDCHD^C^(gCD(g(^ 

In  Algebraic  mode,  the  following  screen  shows  the  result  of  these  keystrokes 
with  neither  Small  nor  Texfboo/c  are  selected: 


:  J-(.&,<^,EXP(.-X>,X> 


+^KIP|SKIP^  H)EL  I  DEL-f|DEL  L|  inS  ■ 


With  the  _Small  option  selected  only,  the  display  looks  as  shown  below: 


+^KIP|SKIP^  H)EL  I  DEL-f|DEL  L|  inS  ■ 


With  the  _Textbook  option  selected  (default  value),  regardless  of  whether  the 
_Sma// option  is  selected  or  not,  the  display  shows  the  following  result: 
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+^KIP  SKIP-H  *OZL   DEL-f  DEL  L  inS  i 


Selecting  properties  of  the  equation  writer  (EQW) 

First,  press  the  (Mm]  button  to  activate  the  CALCULATOR  MODES  input  form. 
Within  the  CALCULATOR  MODES  input  form,  press  the  liiSyji  soft  menu  key 
(CfD  )  to  display  the  DISPLAY  MODES  input  form.  Press  the  down  arrow  key, 
three  times,  to  get  to  the  EQW  (Equation  Writer)  line.  This  line  shows 
two  properties  that  can  be  modified.  When  these  properties  are  selected 
(checked)  the  following  effects  are  activated: 


_Small 

_Small  Stack  Disp 


Changes  font  size  to  small  while  using  the  equation 
editor 

Shows  small  font  in  the  stack  after  using  the  equation 
editor 


Detailed  instructions  on  the  use  of  the  equation  editor  (EQW)  are  presented 
elsewhere  in  this  manual. 

For  the  example  of  the  integral      e    dX ,  presented  above,  selecting  the 

_Smal\  Stack  Disp  in  the  EQW  line  of  the  DISPLAY  MODES  input  form 
produces  the  following  display: 


t^KIP  SKIP-H  H)EL   DEL-f  DEL  L  IDS  i 


References 

Additional  references  on  the  subjects  covered  in  this  Chapter  can  be  found  in 
Chapter  1  and  Appendix  C  of  the  calculator's  user's  guide. 
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Chapter  2 

Introducing  the  calculator 

In  this  chapter  we  present  a  number  of  basic  operations  of  the  calculator 
including  the  use  of  the  Equation  Writer  and  the  manipulation  of  data  objects 
in  the  calculator.  Study  the  examples  in  this  chapter  to  get  a  good  grasp  of 
the  capabilities  of  the  calculator  for  future  applications. 

Calculator  objects 

Some  of  the  most  commonly  used  objects  are:  reals  (real  numbers,  written  with 
a  decimal  point,  e.g.,  -0.0023,  3.56),  integers  (integer  numbers,  written 
without  a  decimal  point,  e.g.,  1 232,  -1 2321 21 23),  complex  numbers  (written 
OS  on  ordered  pair,  e.g.,  (3,-2)),  lists,  etc.  Calculator  objects  are  described  in 
Chapters  2  and  24  in  the  calculator's  user  guide. 


Editing  expressions  in  the  stack 

in  this  section  we  present  examples  of  expression  editing  directly  into  the 
calculator  display  or  stack. 


Creating  arithmetic  expressions 

For  this  example,  we  select  the  Algebraic  operating  mode  and  select  a  Fix 
format  with  3  decimals  for  the  display.   We  are  going  to  enter  the  arithmetic 
expression: 

i.o.M 

5.0- 


/3.0-2.0' 

To  enter  this  expression  use  the  following  keystrokes: 

CID  CD  CxD     1^  CXD  CD  S  C7D  S  CZD  CD  S 

ED  dD  GD  Q  CID  (3D  C3D 

The  resulting  expression  is:  5*(1 -1-1/7. 5)/(  •r3-2''3). 
Press  [inter]  to  get  the  expression  in  the  display  as  follows: 
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5.SSS.[l.SSS+y^] 

■J3.  000-2.  000^ 

-0.904 


EDIT|VIEH|  RCL  |  £T0^  IPURGEICLEHR 


Notice  that,  if  your  CAS  is  set  to  EXACT  (see  Appendix  C  in  user's  guide)  and 
you  enter  your  expression  using  integer  numbers  for  integer  values,  the  result 
is  a  symbolic  quantity,  e.g., 

CX)  CxD      1^  CD  C+D  CD  S  CZD     CED  CD  S 

Before  producing  a  result,  you  will  be  asked  to  change  to  Approximate  mode. 
Accept  the  change  to  get  the  following  result  (shown  in  Fix  decimal  mode  with 
three  decimal  places  -  see  Chapter  1 ): 


[1^7.500! 

^43+0.093-13] 

-(0." 

EDITIVIEHI  RCL 

1  ^^^!^  IPURGEICLEHR 

In  this  case,  when  the  expression  is  entered  directly  into  the  stack,  as  soon  as 
you  press  Is™) ,  the  calculator  will  attempt  to  calculate  a  value  for  the 
expression.  If  the  expression  is  entered  between  apostrophes,  however,  the 
calculator  will  reproduce  the  expression  as  entered.  For  example: 

CDCID  CxD  CD  S3  CD  Q  CD  CD  CID  CD  S 

ED  1^  CS  CD  Q  CD  CtD  CD 

The  result  will  be  shown  as  follows: 
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EDIT|VIEH|  RCL 

1  £T0^  IPURGEICLEHR 

To  evaluate  the  expression  we  con  use  the  EVAL  function,  as  follows: 

If  the  CAS  is  set  to  Exacf,  you  will  be  asked  to  approve  changing  the  CAS 
setting  to  Approx.   Once  this  is  done,  you  will  get  the  same  result  as  before. 

An  alternative  way  to  evaluate  the  expression  entered  earlier  between  quotes 
is  by  using  the  option  [  r»  J  . 

We  will  now  enter  the  expression  used  above  when  the  calculator  is  set  to  the 
RPN  operating  mode.  We  also  set  the  CAS  to  Exact,  the  display  to  Textbook, 
and  the  number  format  to  Standard.  The  keystrokes  to  enter  the  expression 
between  quotes  are  the  same  used  earlier,  i.e., 

CZD  CE3  CxD  S3 QD     QD  S  C7]  CZD  C53  CD  S 
Resulting  in  the  output 


3: 

2: 

l: 

EDIT|VIEH|  RCL 

1  ^^^!^  IPURGEICLEHR 

Press  (.wrfflj  once  more  to  keep  two  copies  of  the  expression  available  in  the 
stack  for  evaluation.  We  first  evaluate  the  expression  using  the  function  EVAL, 
and  next  using  the  function  -^NUM:  C™r). 
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This  expression  is  semi-symbolic  in  the  sense  that  there  are  floating-point 
components  to  the  result,  as  well  as  a  V3.    Next,  we  switch  stack  locations 
[using  CD]  and  evaluate  using  function  ^NUM,  i.e.,  CT)Ij^\-^nim  _ 


This  latter  result  is  purely  numerical,  so  that  the  two  results  in  the  stack, 
although  representing  the  same  expression,  seem  different.  To  verify  that  they 
are  not,  we  subtract  the  two  values  and  evaluate  this  difference  using  function 
EVAL:  CHDC^D.   The  result  is  zero  (0.). 

For  additional  information  on  editing  arithmetic  expressions  in  the  display  or 
stack,  see  Chapter  2  in  the  calculator's  user's  guide. 

Creating  algebraic  expressions 

Algebraic  expressions  include  not  only  numbers,  but  also  variable  names.  As 
an  example,  we  will  enter  the  following  algebraic  expression: 


We  set  the  calculator  operating  mode  to  Algebraic,  the  CAS  to  Exact,  and  the 
display  to  Textbook.  To  enter  this  algebraic  expression  we  use  the  following 
keystrokes: 

CZD  CS  CXD  (^™)  (2  CXD  S  SD 1^  CZD 
C53  (j_  (ALmA)(£]^:+J(ALmA)^:^(S(J:>^^ 

Press  [INTER}  to  get  the  following  result: 


R  +  y 


b 


Page  2-4 


Entering  this  expression  when  the  calculator  is  set  in  the  RPN  mode  is  exactly 
the  some  as  this  Algebraic  mode  exercise. 

For  additional  information  on  editing  algebraic  expressions  in  the  calculator's 
display  or  stack  see  Chapter  2  in  the  calculator's  user's  guide. 

Using  the  Equation  Writer  (EQW)  to  create  expressions 

The  equation  writer  is  an  extremely  powerful  tool  that  not  only  let  you  enter  or 
see  an  equation,  but  also  allows  you  to  modify  and  work/apply  functions  on 
all  or  part  of  the  equation. 

The  Equation  Writer  is  launched  by  pressing  the  keystroke  combination 

(^r^l  EQW  (the  third  key  in  the  fourth  row  from  the  top  in  the  keyboard).  The 
resulting  screen  is  the  following.  Press  [nxt]  to  see  the  second  menu  page: 


EDIT  1  CURS  1  EIG  ■!  EVHL  |FHCTO|  SlHf 

m 

The  six  soft  menu  keys  for  the  Equation  Writer  activate  functions  EDIT,  CURS, 

BIG,  EVAL,  FACTOR,  SIMPLIFY,  CMDS,  and  HELP.    Detailed  information  on 
these  functions  is  provided  in  Chapter  3  of  the  calculator's  user's  guide. 

Creating  arithmetic  expressions 

Entering  arithmetic  expressions  in  the  Equation  Writer  is  very  similar  to 
entering  an  arithmetic  expression  in  the  stack  enclosed  in  quotes.  The  main 
difference  is  that  in  the  Equation  Writer  the  expressions  produced  are  written 
in  "textbook"  style  instead  of  a  line-entry  style.  For  example,  try  the  following 
keystrokes  in  the  Equation  Writer  screen:  I  5  Jl  -h  Jt  5  Jl  +  JCTl 

The  result  is  the  expression 
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5 

5+24 


EDIT  I  CUR£  I  EIG  ■!  EVHL  |FHCTO|  £IHP 


The  cursor  is  shown  as  a  left-facing  key.  The  cursor  indicates  the  current 
edition  location.  For  example,  for  the  cursor  in  the  location  indicated  above, 
type  now: 

The  edited  expression  looks  as  follows: 

5 


EDIT  I  CUR£  I  EIG  ■!  EVHL  |FHCTO|  £IHP 


Suppose  that  you  want  to  replace  the  quantity  between  parentheses  in  the 
denominator  (i.e.,  5+1/3)  with  (5+n^/2).  First,  we  use  the  delete  key  (L*J) 
delete  the  current  1/3  expression,  and  then  we  replace  that  fraction  with 
as  follows: 

C3D  C3D  C3D  (S3  ^  CiD  dD 
When  hit  this  point  the  screen  looks  as  follows: 

5 

5+2{5+Tr^*) 


EDIT  I  CUR£  I  EIG  ■!  EVHL  |FHCTD|  £IHP 


In  order  to  insert  the  denominator  2  in  the  expression,  we  need  to  highlight 
the  entire  ti^ expression.  We  do  this  by  pressing  the  right  arrow  key  (CD) 
once.  At  that  point,  we  enter  the  following  keystrokes: 
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The  expression  now  looks  as  follows: 


Suppose  that  now  you  want  to  add  the  fraction  1/3  to  this  entire  expression, 
i.e.,  you  want  to  enter  the  expression: 


n 


5  +  2-(5  +  — ) 
2 


^"3 


First,  we  need  to  highlight  the  entire  first  term  by  using  either  the  right  arrow 
(CD)  or  the  upper  arrow       )  keys,  repeatedly,  until  the  entire  expression  is 
highlighted,  i.e.,  seven  times,  producing: 


EDIT  I  CUR£  I  EIG  ■!  EVHL  |FHCTO|  £IHP 


NOTE:  Alternatively,  from  the  original  position  of  the  cursor  (to  the  right  of  the 

2  in  the  denominator  of  we  can  use  the  keystroke  combination  jr^ 

,  interpreted  as  {Lj^'.  i  ). 


Once  the  expression  is  highlighted  as  shown  above,  type  [  +  JL  /  Jl  Jl  3  J  to 
add  the  fraction  1/3.  Resulting  in: 
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Creating  algebraic  expressions 

An  algebraic  expression  is  very  similar  to  on  arithmetic  expression,  except 
that  English  and  Greek  letters  may  be  included.  The  process  of  creating  an 
algebraic  expression,  therefore,  follows  the  same  idea  as  that  of  creating  an 
arithmetic  expression,  except  that  use  of  the  alphabetic  keyboard  is  included. 

To  illustrate  the  use  of  the  Equation  Writer  to  enter  an  algebraic  equation  we 
will  use  the  following  example.  Suppose  that  we  want  to  enter  the  expression: 


This  results  in  the  output: 


In  this  example  we  used  several  lower-case  English  letters,  e.g.,  x 
((^t^C^g] ),  several  Greek  letters,  e.g.,  A  ((i^[sD(B),  and  even  a 
combination  of  Greek  and  English  letters,  namely.  Ay  ([/ttm/yt  r»  }(c] 
[alpha)1  <n  Jff] ).    Keep  in  mind  that  to  enter  a  lower-case  English  letter,  you  need 
to  use  the  combination:  [alpha] I  <n  J  followed  by  the  letter  you  want  to  enter. 


Use  the  following  keystrokes: 
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Also,  you  can  always  copy  special  characters  by  using  the  CHARS  menu 
[(^^  chars)  if  you  don't  want  to  memorize  the  keystroke  combination  that 
produces  it.   A  listing  of  commonly  used  I^wha)  [  r-»  J  keystroke  combinations  is 
listed  in  Appendix  D  of  the  user's  guide. 

For  additional  information  on  editing,  evaluating,  factoring,  and  simplifying 
algebraic  expressions  see  Chapter  2  of  the  calculator's  user's  guide. 

Organizing  data  in  the  calculator 

You  can  organize  data  in  your  calculator  by  storing  variables  in  a  directory 
tree.  The  basis  of  the  calculator's  directory  tree  is  the  HOME  directory 
described  next. 

The  HOME  directory 

To  get  to  the  HOME  directory,  press  the  UPDIR  function  )  -  repeat  as 

needed  -  until  the  i  HONEI}  spec  is  shown  in  the  second  line  of  the  display 
header.  Alternatively,  use  (jT]  (hold)  ™L  .  For  this  example,  the  HOME 
directory  contains  nothing  but  the  CASDIR.  Pressing  (.  vm  J  will  show  the 
variables  in  the  soft  menu  keys: 


Subdirectories 

To  store  your  data  in  a  well  organized  directory  tree  you  may  want  to  create 
subdirectories  under  the  HOME  directory,  and  more  subdirectories  within 
subdirectories,  in  a  hierarchy  of  directories  similar  to  folders  in  modern 
computers.   The  subdirectories  will  be  given  names  that  may  reflect  the 
contents  of  each  subdirectory,  or  any  arbitrary  name  that  you  can  think  off. 
For  details  on  manipulation  of  directories  see  Chapter  2  in  the  calculator's 
user's  guide. 
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Variables 

Variables  are  similar  to  files  on  a  computer  hard  drive.  One  variable  can 
store  one  object  (numerical  values,  algebraic  expressions,  lists,  vectors, 
matrices,  programs,  etc).  Variables  are  referred  to  by  tfieir  names,  wfiicfi  can 
be  any  combination  of  alpfiabetic  and  numerical  characters,  starting  with  a 
letter  (either  English  or  Greek).  Some  non-alphabetic  characters,  such  as  the 
arrow  (— >)  can  be  used  in  a  variable  name,  if  combined  with  an  alphabetical 
character.  Thus,  '^A'  is  a  valid  variable  name,  but '— is  not.  Valid 
examples  of  variable  names  are:  'A',  'B',  'a',  'b',  V,  'p',  'AT,  'AB12', 
'^A12','Vel','Z0','zl',  etc. 

A  variable  can  not  have  the  same  name  as  a  function  of  the  calculator.  Some 

of  the  reserved  calculator  variable  names  are  the  following:  ALRMDAT,  CST, 
EQ,  EXPR,  lERR,  lOPAR,  MAXR,  MINR,  PICT,  PPAR,  PRTPAR,  VPAR,  ZPAR, 
der_,  e,  i,  nl,n2,      si,  s2,      ZDAT,  ZPAR,  n,  <x> 

Variables  can  be  organized  into  sub-directories  (see  Chapter  2  in  the 
calculator's  user's  guide). 

Typing  variable  names 

To  name  variables,  you  will  have  to  type  strings  of  letters  at  once,  which  may 
or  may  not  be  combined  with  numbers.  To  type  strings  of  characters  you  can 
lock  the  alphabetic  keyboard  as  follows: 

[aima]{aij>ha)  locks  the  alphabetic  keyboard  in  upper  case.  When  locked  in  this 
fashion,  pressing  the  CfD  before  a  letter  key  produces  a  lower  case  letter, 
while  pressing  the  I  r»  J  key  before  a  letter  key  produces  a  special  character. 
If  the  alphabetic  keyboard  is  already  locked  in  upper  case,  to  lock  it  in  lower 
case,  type,  (^(alphas 

[ALPHA] [ALFHA} [alfha]  locks  the  olphobetic  keyboard  in  lower  case.  When  locked 
in  this  fashion,  pressing  the  I  <n  J  before  a  letter  key  produces  an  upper  case 
letter.  To  unlock  lower  case,  press  [  ^  jlAWHA] 
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To  unlock  the  upper-case  locked  keyboard,  press 
Try  the  following  exercises: 


[  ■  )[alpha} [alpha] (m\  (.  <n  Ji3 [     Jrg  L  ](h\[enter) 

(31]     (^^^  (SI      (4^^  (3  (3  QD  (9  (^s) 


The  calculator  display  will  show  the  following  (left-hand  side  is  Algebraic 
mode,  right-hand  side  is  RPN  mode): 


:  'MATH' 

MRTH 

: 'Mat  hi' 

Math 

:'MatH' 

 Math 

EDIT  VIEH 

RCL    STO^  PURGE  CLEAR 

7: 

6: 

5: 

4: 

3: 

' MRTH ' 

Z: 

'Math' 

l: 

'MatH' 

EDIT   VIEH  RCL 

^^^!^  PURGE  CLEAR 

Creating  variables 

The  simplest  way  to  create  a  variable  is  by  using  the  (sroT)  .  The  following 
examples  are  used  to  store  the  variables  listed  in  the  following  table  (Press 
(.  VM  J  if  needed  to  see  variables  menu): 


Name 

Contents 

Type 

a 

-0.25 

real 

A12 

3x10^ 

real 

Q 

'r/(m-l-r)' 

algebraic 

R 

[3,2,1] 

vector 

zl 

3+5i 

complex 

Pl 

■S  ^  r  '7r*r''2' 

program 

Algebraic  mode 

To  store  the  value  of  -0.25  into  variable  a:  I  0  Jl  •  JCTimC^ 
i/itffMjt        .  AT  this  point,  the  screen  will  look  as  follows: 


Page  2-1 1 


Press  (fwrexj  to  create  the  variable.  The  variable  is  now  shown  in  the 
soft  menu  key  labels: 


-.25 

The  following  are  the  keystrokes  required  to  enter  the  remaining 
variables: 


A12:  CTDC^CTD(iror)(^^™)(3QDCTD(^ 
Q:  CDtd^^CSOCiDCS'^ 


R:  CITD(i_CX]CrD  '(JJCiD  'UJCD  (Irot](^z™](g[£Nra] 

zl :  [3DQDCX3CX](JT]  j       (srori(4Z™)(33(|]CX](^  (Accept 

change  to  Complex  mode  if  asked). 

pi :  Ci3^^(j3^(di^[S(3CDCT]5  CX] 


The  screen,  at  this  point,  will  look  as  follows: 


m+r 

:[3  2  l]frR 

[3  2  1] 

3+5.i 

:  «  r 

r  '  TJ*r^2  ' 

You  will  see  six  of  the  seven  variables  listed  at  the  bottom  of  the 
screen:  p7,  zl,  R,  Q,  AT 2,  a. 
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RPNmode 


(Use  LmodcJI.  +/-  jaaa  to  change  to  RPN  mode).  Use  the  following 

keystrokes  to  store  the  value  of  -0.25  into  variable  a: 
roinnmmr^KKB^  Jf^Hw^J.  At  this  point,  the  screen 

v/ill  look  as  follov/s: 


4: 

3: 

2: 

-.25 

l: 

'a' 

This  expression  means  that  the  value  -0.25  is  ready  to  be  stored  into 
a.  Press  [^jo*}  to  create  the  variable.  The  variable  is  nov/  shown  in 
the  soft  menu  key  labels: 


To  enter  the  value  3x1 0^  into  Al  2,  we  can  use  a  shorter  version  of 
the  procedure:  CIDC^CX)CZD(^^(3QJCX3(«B) 

Here  is  a  way  to  enter  the  contents  of  Q: 

Q:  CZDtd^^OOSOl^ 
(^CHD(gCS(^C5D(3CDCD  CD(^(3(^ 

To  enter  the  value  of  R,  we  can  use  an  even  shorter  version  of  the 
procedure: 

R:  EDO— aD(^CX3(^CX)CD  CZDS^D 

Notice  that  to  separate  the  elements  of  a  vector  in  RPN  mode  we  can 

use  the  space  key  (CZ^)/  rather  than  the  comma  (LHJ  ;    )  used 

above  in  Algebraic  mode. 

zl:  CZDaDS3(X3CX]S3^  CZDl^QJSCX)  (i^ 
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pi:  G3^>Cr3^(^™)C53(3CZJCfD5  CX3 

(^C5D(3CZDCTDCE:)CE)CD  CD  (^C5D(gCTDCD(^ 

The  screen,  at  this  point,  will  look  as  follows: 

4^ 
3: 
2: 
l: 


You  will  see  six  of  the  seven  variables  listed  at  the  bottom  of  the 
screen:  pi,  zl,  R,  Q,  A12,  a. 

Checking  variables  contents 

The  simplest  way  to  check  a  variable  content  is  by  pressing  the  soft  menu  key 
label  for  the  variable.  For  example,  for  the  variables  listed  above,  press  the 
following  keys  to  see  the  contents  of  the  variables: 

Algebraic  mode 

Type  these  keystrokes:  i  ■■!«"] EBUwthJ  1131 
screen  looks  as  follows: 


:  Zl 

:R 

[3  2  1] 

:Q 

r 

m+r 

RPNmode 

In  RPN  mode,  you  only  need  to  press  the  corresponding  soft  menu  key  label  to 
get  the  contents  of  a  numerical  or  algebraic  variable.  For  the  case  under 
consideration,  we  can  try  peeking  into  the  variables  z7,  /?,  Q,  A 12,  a, 
created  above,  as  follows:    @SEEB ISC3 SE3S SEEESI IS3S 

At  this  point,  the  screen  looks  like  this: 


flw^.  At  this  point,  the 
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5: 

4: 

[3  2  1] 

3: 

r 

m+r 

2: 

300000. 

l:   

-.25 

Using  the  right-shift  key  followed  by  soft  menu  key  labels 

This  approach  for  viewing  the  contents  of  a  variable  works  the  same  in  both 
Algebraic  and  RPN  modes.  Try  the  following  examples  in  either  mode: 

ChDCEDSSISCED  SSaCED  Saaa  CEDSEil  CE3  SEES! 

This  produces  the  following  screen  (Algebraic  mode  in  the  left,  RPN  in  the 
right) 


■s      r  'Tr*r-^2'  M  p 
3+5.i 


m+r 

300000. 


5: 

^      r  '  Tr*r'^2 '  » 

4: 

3+5.i 

3: 

[3  2  1] 

2: 

r 

m+r 

l: 

300000. 

Notice  that  this  time  the  contents  of  program  p7  are  listed  in  the  screen.  To 
see  the  remaining  variables  in  this  directory,  use: 


Listing  the  contents  of  all  variables  in  the  screen 

Use  the  keystroke  combination  (.  J'^^  to  list  the  contents  of  all  variables  in 
the  screen.  For  example: 


pi:  -K      r  'Tr*r-^2. 
zl:  (.3.,5.> 
R:  [3.,2.,1.] 

fll2:  300000. 
k:  -.25 


Press  L  ow  J  to  return  to  normal  calculator  display. 
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Deleting  variables 

The  simplest  way  of  deleting  variables  is  by  using  function  PURGE.  This 
function  can  be  accessed  directly  by  using  the  TOOLS  menu  {[tool]),  or  by 
using  the  FILES  menu  S33S. 

Using  function  PURGE  in  the  stack  in  Algebraic  mode 

Our  variable  list  contains  variables  pi,  zl,  Q,  R,  and  a.  We  v/ill  use 
command  PURGE  to  delete  variable  p  J .    Press  (Wl  fSSSSS  [mJSSS  . 
The  screen  v/ill  now  shov/ variable  pi  removed:  


:PURGE('pl') 

HOVRL 

You  can  use  the  PURGE  command  to  erase  more  than  one  variable  by  placing 
their  names  in  a  list  in  the  argument  of  PURGE.  For  example,  if  now  we 
wanted  to  purge  variables  R  and  Q,  simultaneously,  we  can  try  the  following 
exercise.  Press  : 


[rooj 


CD 


At  this  point,  the  screen  will  show  the  following  command  ready  to  be 
executed: 


PURGE('pl') 
PURGEtt 'R' , 'Q' J> 


HOVRL 


To  finish  deleting  the  variables,  press  .  The  screen  will  now  show  the 
remaining  variables: 


:PURGE('pl') 

HOVRL 

:PURGE({'R'  'Q'» 

HOVRL 
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Using  function  PURGE  in  the  stack  in  RPN  mode 

Assuming  that  our  variable  list  contains  the  variables  pi,  zl,  Q,  R,  and  a. 
We  will  use  command  PURGE  to  delete  variable  pJ.    Press  I  ■  Ji 
[TOOL)  IGDjI-HIS.   The  screen  will  now  show  variable  p7  removed: 


To  delete  two  variables  simultaneously,  say  variables  R  and  Q,  first  create  a 
list  (in  RPN  mode,  the  elements  of  the  list  need  not  be  separated  by  commas 
as  in  Algebraic  mode): 

[mj   liinill  (T)  □!)  il3S 

Then,  press  [roajESjSSlii  use  to  purge  the  variables. 

Additional  information  on  variable  manipulation  is  available  in  Chapter  2  of 
the  calculator's  user's  guide. 

UNDO  and  CMD  functions 

Functions  UNDO  and  CMD  are  useful  for  recovering  recent  commands,  or  to 
revert  an  operation  if  a  mistake  was  made.  These  functions  are  associated 
with  the  HIST  key;  UNDO  results  from  the  keystroke  sequence  [    J  woo  ^  y/hile 
CMD  results  from  the  keystroke  sequence  [  <n  jcMP  . 

CHOOSE  boxes  vs.  Soft  MENU 

In  some  of  the  exercises  presented  in  this  chapter  we  have  seen  menu  lists  of 
commands  displayed  in  the  screen.  This  menu  lists  are  referred  to  as 
CHOOSE  boxes.  Herein  we  indicate  the  way  to  change  from  CHOOSE 
boxes  to  Soft  MENUs,  and  vice  versa,  through  an  exercise. 

Although  not  applied  to  a  specific  example,  the  present  exercise  shows  the 
two  options  for  menus  in  the  calculator  (CHOOSE  boxes  and  soft  MENUs).  In 
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this  exercise,  we  use  the  ORDER  command  to  reorder  variables  in  a  directory, 
we  use,  in  ALG  mode: 


(3)fflG_  Show  PROG  menu  list  and  select  MEMORY 


/: 
6: 
5: 

PROG  HEnU 

1. STACK..  1 

2.HEH0RY.. 

4: 
3: 
Z: 
l: 

?.PRAnCH.. 
H.TEST.. 
5.  TYPE.. 
e.LIST.. 

1         1  1 

ICAnCL 

OK 

JEM  ^  ^  ^  ^    Show  the  MEMORY  menu  list  and  select  DIRECTORY 


/: 
6: 
5: 
4: 
3: 

HEHORY  HERU 

1.  PURGE 

2.  HEN 

3.  PYTES 
H.REHOP 

Z: 
l: 

5. DIRECTORY.. 

ARITHMETIC..  | 

1         1         1  ICAnCL 

OK 

auM  ^  ^  Show  the  DIRECTORY  menu  list  and  select  ORDER 


6: 
5: 
4: 
3: 

DIRECTORY  HERU 

5.CRDIR  1 

C.PGDIR 

?.VARS 

S.TVARS 

Z: 
l: 

3. ORDER 

10.  HEHORY..  1 

1         1         1  ICAnCL 

OK 

iuI3  activate  the  ORDER  command 

There  is  an  alternative  way  to  access  these  menus  as  soft  MENU  keys,  by 
setting  system  flag  7  77.  (For  information  on  Flags  see  Chapters  2  and  24  in 
the  calculator's  user's  guide).  To  set  this  flag  try  the  following: 

The  screen  shows  flag  1 1 7  not  set  (CHOOSE  boxes),  as  shown  here: 
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SVSTEM  FLAGS 


11?  CHOOSE  biXil 


115  Ri3*r*uf  *ri 

130  Sil.tn't  H«d«  iff 

127  AU4H  SuHch  Hod« 

las  flctur.  Sian-StufH 

126  rr«f  H-'  lajt  col 

/  lis  Vii-i  in  rtjlj 


Press  the  liiOIIiEiljl  soft  menu  key  to  set  flog  1 1 7  to  soft  MENU.  The  screen  will 
reflect  that  change: 

115  Ri3*r*uf  *ri 
120  Sil.tn't  H«d«  iff 
127  AU4H  Quitch  Hod« 
las  flctur.  Sian-StufH 
126  rr«f  H-'  lajt  col 
/  12g  Vii-i  in  rtjlj  


ICHnCLl  OK 


Press  IhjSS  twice  to  return  to  normal  calculator  display. 


Now,  we'll  try  to  find  the  ORDER  command  using  similar  keystrokes  to  those 
used  above,  i.e.,  we  start  with  [jT]™g_  .  Notice  that  instead  of  a  menu  list, 
we  get  soft  menu  labels  with  the  different  options  in  the  PROG  menu,  i.e.. 


STSCKT  mem  EKCHT TESTT TVPET LIST 


Press  (JL)  to  select  the  MEMORY  soft  menu  (EHIIIB).  The  display  now  shows: 


PURGEl  HEN  lEYTESlnEHOel  DIRfflKITH 


Press  (jD  to  select  the  DIRECTORY  soft  menu  (BlHaB) 


PURGEl  RCL  I  STO  |  PHTH  ICRDIRlPGDIR 
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The  ORDER  command  is  not  shown  in  this  screen.  To  find  it  we  use  the  Inxt) 
key  to  find  it: 


To  activate  the  ORDER  command  we  press  the  r«~l  (lEEEIiEl)  soft  menu  key. 

References 

For  additional  information  on  entering  and  manipulating  expressions  in  the 
display  or  in  the  Equation  Writer  see  Chapter  2  of  the  calculator's  user's 
guide.  For  CAS  (Computer  Algebraic  System)  settings,  see  Appendix  C  in  the 
calculator's  user's  guide.  For  information  on  Flags  see.  Chapter  24  in  the 
calculator's  user's  guide. 
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Chapter  3 

Calculations  with  real  numbers 

This  chapter  demonstrates  the  use  of  the  calculator  for  operations  and 
functions  related  to  real  numbers.   The  user  should  be  acquainted  with  the 
keyboard  to  identify  certain  functions  available  in  the  keyboard  (e.g.,  SIN, 
COS,  TAN,  etc.).  Also,  it  is  assumed  that  the  reader  knows  how  to  change 
the  calculator's  operating  system  (Chapter  1),  use  menus  and  choose  boxes 
(Chapter  1),  and  operate  with  variables  (Chapter  2). 

Examples  of  real  number  calculations 

To  perform  real  number  calculations  it  is  preferred  to  have  the  CAS  set  to  Real 
(as  opposed  to  Complex)  mode.  Exact  mode  is  the  default  mode  for  most 
operations.  Therefore,  you  may  want  to  start  your  calculations  in  this  mode. 
Some  operations  with  real  numbers  are  illustrated  next: 

•  Use  the  I  +/-  J  key  for  changing  sign  of  a  number. 

For  example,  in  ALG  mode,  (ZDCUdDCSD^^} . 
In  RPN  mode,  e.g.,  CTDGJCDCtD  ■ 

•  Use  the  I    J  key  to  calculate  the  inverse  of  a  number. 

For  example,  in  ALG  mode,  I  '/« Jl  2  ][enter}  . 
In  RPN  mode  use  miMHinn . 

•  For  addition,  subtraction,  multiplication,  division,  use  the  proper 
operation  key,  namely,  I  +  J  L  —  J  I  x  J  (.  -h  J . 

Examples  in  ALG  mode: 

CX3CZDCTD  C+D  CTDCZDCT] 

Examples  in  RPN  mode: 
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Alternatively,  in  RPN  mode,  you  con  separate  the  operands  with  a 
space  (I  spc j )  before  pressing  the  operator  key.  Examples: 


•     Parentheses  (l^  )U  )  can  be  used  to  group  operations,  as  well  as  to 

enclose  arguments  of  functions. 
In  ALG  mode: 

In  RPN  mode,  you  do  not  need  the  parenthesis,  calculation  is  done 
directly  on  the  stack: 

CXD     CiD     CZD     CiD  CTD     CZD  CZD  CZD     CHD  S 

In  RPN  mode,  typing  the  expression  between  single  quotes  will  allow 
you  to  enter  the  expression  like  in  algebraic  mode: 

For  both,  ALG  and  RPN  modes,  using  the  Equation  Writer: 

CS  ^  CID  CiD  dD  CZD  CID  CD  S  CED  CHD  CID  CZD  QD 
The  expression  can  be  evaluated  within  the  Equation  writer,  by  using 


•    The  absolute  value  function,  ABS,  is  available  through  I  <n  J^S5  . 
Example  in  ALG  mode: 


i^aN)  ^an,  ^an,  ^an,  lajjiJM  or,  Lr^  Ji^A^Latjjija 
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Example  in  RPN  mode: 

CTD  (3D  ED 

•  The  square  function,  SQ,  is  available  through  [  u  ]t.  . 

Example  in  ALG  mode: 

C5D     GD  CZD  CID  dD  («s) 
Example  in  RPN  mode: 

ODCZDCTDraCS?^ 

The  square  root  function,  V,  is  available  through  the  R  key.  When 
calculating  in  the  stack  in  ALG  mode,  enter  the  function  before  the 
argument,  e.g., 

CZD  CTD      CTD  CZD  QJ 
In  RPN  mode,  enter  the  number  first,  then  the  function,  e.g., 

CD  CZD  dD  CZD  S 

•  The  power  function,  ^ ,  is  available  through  the  (.  f  J  key.  When 
calculating  in  the  stack  in  ALG  mode,  enter  the  base  (y)  follov/ed  by 
the  I  ■f  J  key,  and  then  the  exponent  (x),  e.g., 

CID  CZD  (dD  CZD  QD  dD  CTD  (3D  ^ 

In  RPN  mode,  enter  the  number  first,  then  the  function,  e.g., 

CID  GD  CID     (3D  CZD  CZD  CID  CZD 

•  The  root  function,  XROOTfy,xj,  is  available  through  the  keystroke 
combination  Vf  ]   ^  .  When  calculating  in  the  stack  in  ALG  mode. 
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enter  the  function  XROOT  followed  by  the  arguments  (y,x),  separated 
by  commas,  e.g., 

In  RPN  mode,  enter  the  argument  y,  first,  then,  x,  and  finally  the 
function  call,  e.g., 

CZD  C7D     OD  C3  ^ 

•     Logarithms  of  base  1 0  are  calculated  by  the  keystroke  combination 
I  r»  J  LOG  (function  LOG)  while  its  inverse  function  (ALOG,  or 
antilogarithm)  is  calculated  by  using  I  *i         .  In  ALG  mode,  the 
function  is  entered  before  the  argument: 

CED -toG  QD  CZD  QD  CX) 

In  RPN  mode,  the  argument  is  entered  before  the  function 
Using  powers  of  1 0  in  entering  data 

Powers  of  ten,  i.e.,  numbers  of  the  form  -4.5x10^,  etc.,  are  entered  by  using 
the  Iff^J  key.    For  example,  in  ALG  mode: 

CS  GJ  CX3  CTD 

Or,  in  RPN  mode: 

CZD  dD  CX)  S 


Natural  logarithms  are  calculated  by  using  (j^  (function  LN) 

while  the  exponential  function  (EXP)  is  calculated  by  using  [Jnjf^ 
In  ALG  mode,  the  function  is  entered  before  the  argument: 

CE)  — ^  CTD  CZ3  QD  dD 
C5D  ^      CZD  GD  CX3 

in  RPN  mode,  the  argument  is  entered  before  the  function 
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•    Three  trigonometric  functions  are  readily  available  in  the  keyboard: 
sine  (L*lJ),  cosine  (LED),  and  tangent  {[tan]).  Arguments  of  these 
functions  ore  angles  in  either  degrees,  radians,  grades.  The 
following  examples  use  angles  in  degrees  (DEG): 

In  ALG  mode: 


In  RPN  mode: 

•    The  inverse  trigonometric  functions  available  in  the  keyboard  are  the 

arcsine  ((jn^Maw  ),  arccosine  (( jn^l acqs  )^  and  arctangent  (I jn^l atan  ). 
The  ansv^er  from  these  functions  v/ill  be  given  in  the  selected  angular 
measure  (DEG,  RAD,  GRD).  Some  examples  are  shov/n  next: 


In  ALG  mode: 

(2t3  ^  [X)  CD  CX]  CX3 
[3t3  ^  [3J  (^rj  [jj  (fw^ 

In  RPN  mode: 

CZI)  CX)  CID  SD  ^s^L 
CD  C3J  CXD  Cx3  ^^oL 
CD  CD  CXD  CXD  C3 

All  the  functions  described  above,  namely,  ABS,  SQ,  V,     XROOT,  LOG, 
ALOG,  LN,  EXP,  SIN,  COS,  TAN,  ASIN,  ACOS,  ATAN,  can  be  combined 
with  the  fundamental  operations  ([  +  J[  —  Jl  x  J(.    J)  to  form  more  complex 
expressions.  The  Equation  Writer,  whose  operations  is  described  in  Chapter 
2,  is  ideal  for  building  such  expressions,  regardless  of  the  calculator 
operation  mode. 
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Real  number  functions  in  the  MTH  menu 

The  MTH  (L  <~i  J i;^™  )  menu  include  a  number  of  mathematical  functions  mostly 
applicable  to  real  numbers.  With  the  default  setting  of  CHOOSE  boxes  for 
system  flag  1 1 7  (see  Chapter  2),  the  MTH  menu  shows  the  following  functions: 


HATH  HEnU 

1. VECTOR..  1 

2.  HATRIH.. 

3.  LIST.. 
H.HVPERROLIC. 
5. REAL.. 
S.EASE.. 

1    1  1 

ICARCL 

OH 

HATH  HERU 

CEASE.. 

?.PRORARILITV.. 

S.FFT.. 

S.COHPLEK.. 

ID.CORSTARTS.. 

11. SPECIAL  FuncTions..  1 

1         1         1  ICARCL 

OH 

The  functions  are  grouped  by  the  type  of  argument  (1 .  vectors,  2.  matrices,  3 
lists,  7.  probability,  9.  complex)  or  by  the  type  of  function  (4.  hyperbolic,  5. 
real,  6.  base,  8.  fft).  It  also  contains  an  entry  for  the  mathematical  constants 
available  in  the  calculator,  entry  10. 

In  general,  be  aware  of  the  number  and  order  of  the  arguments  required  for 
each  function,  and  keep  in  mind  that,  in  ALG  mode  you  should  select  first  the 
function  and  then  enter  the  argument,  while  in  RPN  mode,  you  should  enter 
the  argument  in  the  stack  first,  and  then  select  the  function. 


Using  calculator  menus: 

1 .  We  will  describe  in  detail  the  use  of  the  4.  HYPERBOLIC,  menu  in  this 
section  with  the  intention  of  describing  the  general  operation  of  calculator 
menus.  Pay  close  attention  to  the  process  for  selecting  different  options. 

2.  To  quickly  select  one  of  the  numbered  options  in  a  menu  list  (or  CHOOSE 
box),  simply  press  the  number  for  the  option  in  the  keyboard.  For 
example,  to  select  option  4.  HYPERBOLIC  in  the  MTH  menu,  simply 
press  I  4  J . 


Hyperbolic  functions  and  their  inverses 

Selecting  Option  4.  HYPERBOLIC.  ,  in  the  MTH  menu,  and  pressing  lEUli, 
produces  the  hyperbolic  function  menu: 
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HYPERBOLIC  HEnU 

l.JinH 

2.H£inH 

3. COSH 

H.flCOSH 

S.TAnH 

e.ATAhH 

1       1       1  IcflncLl 

OH 

HYPERBOLIC  HEnU 

H.flCOJH 

S.TAnH 

CATARH 

?.EKPH 

g.LRPl 

1       1       1  IcfincLl 

OH 

For  example,  in  ALG  mode,  the  keystroke  sequence  to  calculate,  say, 
fanh(2.5),  is  the  following: 

C5D«zw-QD  KuiaCTD  ISI3!CX)GDCrD(^ 
In  the  RPN  mode,  the  keystrokes  to  perform  this  calculation  are  the  following: 

The  operations  shown  above  assume  that  you  are  using  the  default  setting  for 
system  flag  1 1 7  (CHOOSE  boxes).  If  you  have  changed  the  setting  of  this  flag 
(see  Chapter  2)  to  SOFT  menu,  the  MTH  menu  will  show  as  follows  (left-hand 
side  in  ALG  mode,  right  -hand  side  in  RPN  mode): 


4: 

3: 

2: 

l: 

VECTR|HATRK|  LIST  1  HYP  |  REAL  |  EASE 

VECTR|HATRK|  LIST  1  HYP  |  REAL  |  EASE 

Pressing  Inxt)  shows  the  remaining  options: 


PROE    FFT   CMPLK  COnST  SPECI 


Thus,  to  select,  for  example,  the  hyperbolic  functions  menu,  with  this  menu 
format  press  IHuIjIIS  ,  to  produce: 
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4: 

3: 

2: 

l: 

iim  IH^inHI  CO^H  IHCOf  HI  THnH  IHTHnH 

Finally,  in  order  to  select,  for  example,  the  hyperbolic  tangent  (tanh)  function, 
simply  press  hbahiiui. 


Note:  To  see  additional  options  in  these  soft  menus,  press  the  [^xf)  key  or 
the      jPREv  keystroke  sequence. 


For  example,  to  calculate  tanh(2.5),  in  the  ALG  mode,  when  using  SOFT 
menus  over  CHOOSE  boxes,  follow  this  procedure: 

C3  MTH_  131331  isaillll  CXD  CZD 

In  RPN  mode,  the  same  value  is  calculated  using: 

I  2  J I   •  J I  5  J  [  *1  J  IB.lJll.ai  HUiJiJiJI 

As  an  exercise  of  applications  of  hyperbolic  functions,  verify  the  following 
values: 

SINH  (2.5)  =  6.05020..  ASINH(2.0)  =  1 .4436... 

COSH  (2.5)  =  6.13228..  ACOSH  (2.0)  =  1.3169... 

TANH(2.5)  =  0.98661 ..  ATANH(0.2)  =  0.2027... 

EXPM(2.0)  =  6.38905....         LNPl(l.O)  =  0.69314.... 

Operations  with  units 

Numbers  in  the  calculator  can  have  units  associated  with  them.  Thus,  it  is 
possible  to  calculate  results  involving  a  consistent  system  of  units  and  produce 
a  result  with  the  appropriate  combination  of  units. 

The  UNITS  menu 

The  units  menu  is  launched  by  the  keystroke  combination  CSD-^^  (associated 
with  the  LiJ  key)-  With  system  flag  1 1 7  set  to  CHOOSE  boxes,  the  result  is 
the  following  menu: 
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uniT£  HEnu 

2.L«n3th..  1 

3.flr<o.. 

H.V*lUH«.. 

5.TiH«.. 

i.ifiii.. 

1       1       1  icfincL 

OK 

uniT£  HEnu 

?.Majj..  1 

s.rifis.. 

3.En«rj^.. 
10.P«H«r.. 

12.T«Hp«r4'tur4..  1 

1       1       1  IcflncL 

OK 

uniTS  HEnu 


la.TsHpiraturs.. 
13.El<ctric  Curr<n't.. 
IH.AnjLt.. 
IS.Liaht.. 
Ifi.Rjjjj'ti^ri.. 


cnncL  OK 


Option  1 .  Tools.,  contains  functions  used  to  operate  on  units  (discussed  later) 
Options  2.  Length.,  through  1  /.Viscosity.,  contain  menus  with  a  number  of 
units  for  each  of  the  quantities  described.  For  example,  selecting  option  8. 
Force.,  shows  the  following  units  menu: 


FORCE  HEnu 

i.n 

3.3f 

H.Kip 

5.  Ibf 

5.f4l. 

1       1       1  IcnncLl 

OK 

FORCE  HEnu 

3.3F 

H.hip 

5.  IbF 

C  p  j  I  ^^^^^^^^ 

1       1       1  IcHiiar 

OK 

The  user  will  recognize  most  of  these  units  (some,  e.g.,  dyne,  are  not  used 
very  often  nowadays)  from  his  or  her  physics  classes:  N  =  newtons,  dyn  = 
dynes,  gf  =  grams  -  force  (to  distinguish  from  gram-mass,  or  plainly  gram,  a 
unit  of  moss),  kip  =  kilo-poundal  (1000  pounds),  Ibf  =  pound-force  (to 
distinguish  from  pound-mass),  pdl  =  poundal. 

To  attach  a  unit  object  to  a  number,  the  number  must  be  followed  by  an 
underscore.  Thus,  a  force  of  5  N  will  be  entered  as  5_N. 

For  extensive  operations  with  units  SOFT  menus  provide  a  more  convenient 
way  of  attaching  units.   Change  system  flag  1 1 7  to  SOFT  menus  (see 
Chapter  2),  and  use  the  keystroke  combination  [  r*  J  ^{  to  get  the  following 
menus.  Press  {hxt)  to  move  to  the  next  menu  page. 
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4: 

4: 

3: 

3: 

2: 

2: 

l: 

l: 

TOOLSI  LEnC  1  flREfl  1  VOL  |  TIME  ISPEED 

MASS  IFORCEI  EHRG  |  POHR  |PRESS|  TEMP 

4: 
3: 
2: 
l: 


ELECT flnCLTLIGHTl  RHM  VISC 


Pressing  on  the  appropriate  soft  menu  key  will  open  the  sub-menu  of  units  for 
that  particular  selection.  For  example,  for  the  ItuliiiEl  sub-menu,  the  following 
units  are  available: 


4: 

4: 

3: 

3: 

2: 

2: 

l: 

l: 

H^i  \  iH^i  \  ft^i  \  Rph  1  Hph  1  hn^t 

■:    1  31  1         1         1  lUniTS 

Pressing  the  soft  menu  key  yjliiiKa  will  take  you  back  to  the  UNITS  menu. 

Recall  that  you  can  always  list  the  full  menu  labels  in  the  screen  by  using 
I  r»  J'<T? ,  e.g.,  for  the  ^SM  set  of  units  the  following  labels  will  be  listed: 


J 

ttierm 

erg 

lev 

Kcal 

eV 

cal 

Btu 

ft*lbf 

JHITS 

J     1  in  \  Kr.ill.  \  r.iil.  1  RtU  |ft><Lb| 

■  th«rH|  H«V  \  iV   \         \  |UniT£ 

Note:  Use  the  (nxT)  key  or  the  (.  <n  J fflf keystroke  sequence  to  navigate 
through  the  menus. 


Available  units 

For  a  complete  list  of  available  units  see  Chapter  3  in  the  calculator's  user's 
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Attaching  units  to  numbers 

To  attach  a  unit  object  to  a  number,  the  number  must  be  followed  by  on 
underscore  ([    J  - ,  key(8,5)).  Thus,  a  force  of  5  N  will  be  entered  as  5_N. 

Here  is  the  sequence  of  steps  to  enter  this  number  in  ALG  mode,  system  flag 
1  1 7  set  to  CHOOSE  boxes: 

dDCED^  CEDJM?  C1DS33S  IE3!(^ 

Note:    If  you  forget  the  underscore,  the  result  is  the  expression  5*N,  where 
N  here  represents  a  possible  variable  name  and  not  Newtons. 


To  enter  this  same  quantity,  with  the  calculator  in  RPN  mode,  use  the  following 
keystrokes: 

dD  CED      CE)  SEU-SI 

Notice  that  the  underscore  is  entered  automatically  when  the  RPN  mode  is 
active. 

The  keystroke  sequences  to  enter  units  when  the  SOFT  menu  option  is  selected, 
in  both  ALG  and  RPN  modes,  are  illustrated  next.  For  example,  in  ALG  mode, 
to  enter  the  quantity  5_N  use: 

CXJCS  ^  Cm?3  lESSa  SiOB  1^ 

The  same  quantity,  entered  in  RPN  mode  uses  the  following  keystrokes: 

CTD  C3  Jm  &  "SESS  "838 


Note:  You  can  enter  a  quantity  with  units  by  typing  the  underline  and  units 
with  the  [mpha]  keyboard,  e.g.,  1.  5  Jl    J  -  [alpha)(n]  will  produce  the  entry:  D..N 


Unit  prefixes 

You  can  enter  prefixes  for  units  according  to  the  following  table  of  prefixes 
from  the  SI  system.  The  prefix  abbreviation  is  shown  first,  followed  by  its 
name,  and  by  the  exponent  x  in  the  factor  10"  corresponding  to  each  prefix: 
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Prefix    Name  x 


Prefix    Name  x 


Y 

yotta 

+24 

d 

deci 

-1 

Z 

zetto 

+21 

c 

centi 

-2 

E 

exa 

+  18 

m 

milli 

-3 

P 

peta 

+15 

micro 

-6 

T 

tera 

+  12 

n 

nano 

-9 

G 

giga 

+9 

P 

pico 

-12 

M 

mega 

+6 

f 

femto 

-15 

l<,K 

kilo 

+3 

a 

atto 

-18 

h,H 

hiecto 

+2 

z 

zepto 

-21 

on 

deka 

+1 

y 

yocto 

-24 

(*)  In  the  SI  system,  tfiis  prefix  is  da  rather  than  D.  Use  D  for  deka  in  the 
calculator,  however. 

To  enter  these  prefixes,  simply  type  the  prefix  using  the  [mpha]  keyboard.  For 
example,  to  enter  1  23  pm  (picometer),  use: 

CD  CID  CTD  CED  ^     QD  (3  (d^l  I3D  (SI 
Using  UBASE  (type  the  name)  to  convert  to  the  default  unit  (1  m)  results  in: 

:  123.1_pm 

123_pm 

:UERSE(RHS(1)) 

.  000000000 1£3_[V1 


COnVE|UeA£E|  UVHL  |UFHCT|-KJniT|UniT£ 


Operations  with  units 

Here  are  some  calculation  examples  using  the  ALG  operating  mode.  Be 
warned  that,  when  multiplying  or  dividing  quantities  with  units,  you  must 
enclosed  each  quantity  with  its  units  between  parentheses.  Thus,  to  enter,  for 
example,  the  product  1  2.5m  x  5.2  yd,  type  it  to  read  (1  2.5_m)*(5.2_yd)  L^mJ  : 
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12.5_m'5.2_yd 


COnVE  UEflSE  UVflL  UFflCT  -KiniT  UniTS 


which  shows  as  65_(m-yd).  To  convert  to  units  of  the  SI  system,  use  function 
DBASE  (find  it  using  the  command  catalog,  L    J_g^  ): 


12.5_m'5.2_yd 


UBRSEtRHStD) 


COnVE  UEflSE  UVflL  UFflCT  -KiniT  UniTS 


Note:  Recall  that  the  ANS(1 )  variable  is  available  through  the  keystroke 
combination  [  <n  J ^'^^   (associated  with  the  [waj  key). 


To  calculate  a  division,  say,  3250  mi  /  50  h,  enter  it  as 

(3250_mi)/(50_h) 


which  transformed  to  SI  units,  with  function  UBASE,  produces: 


UEflSEtflHSd)) 


29.0576_| 


COnVE  UEA^E  UVflL  UFflCT  -KJniT  UniT^ 


Addition  and  subtraction  can  be  performed,  in  ALG  mode,  without  using 
parentheses,  e.g.,  5  m  +  3200  mm,  can  be  entered  simply  as 

5_m  +  3200_mm  [emter)  . 

More  complicated  expression  require  the  use  of  parentheses,  e.g., 
(12_mm)*(l_cm''2)/(2_s) 

Stack  calculations  in  the  RPN  mode,  do  not  require  you  to  enclose  the 
different  terms  in  parentheses,  e.g.. 


12 
3250 


1.5  s 
50 


[X] 
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These  operations  produce  the  following  output: 


2: 
l: 


Unit  conversions 

The  UNITS  menu  contains  a  TOOLS  sub-menu,  which  provides  the  following 
functions: 


CONVERT(x,y):  convert  unit  object  x  to  units  of  object  y 
UBASE(x):         convert  unit  object  x  to  SI  units 
UVAL(x):  extract  the  value  from  unit  object  x 

UFACT(x,y):      factors  a  unit  y  from  unit  object  x 
^UNIT(x,y):      combines  value  of  x  with  units  of  y 


Examples  of  function  CONVERT  are  shown  below.  Examples  of  the  other 
UNIT/TOOLS  functions  are  available  in  Chapter  3  of  the  calculator's  user's 
guide. 

For  example,  to  convert  33  watts  to  btu's  use  either  of  the  following  entries: 


CONVERT(33_W,  1  _hp)  ^ 
CONVERT(33_W,l  l_hp) 


Physical  constants  in  the  calculator 

The  calculator's  physical  constants  are  contained  in  a  constants  library 
activated  with  the  command  CONLIB.   To  launch  this  command  you  could 
simply  type  it  in  the  stack:   (^™] (^™] (3(^(^(3  (3  gilwTH),  or,  you  can  select  the 
command  CONLIB  from  the  command  catalog,  as  follows:  First,  launch  the 
catalog  by  using:  L  r»  J  cat  l^imAjgi .  Next,  use  the  up  and  down  arrow 
keys  i^^'^T?  to  select  CONLIB.  Finally,  press  the  f^n  (iilGli)  soft  menu  key. 
Press         if  needed.  Use  the  up  and  down  arrow  keys  to  navigate 

through  the  list  of  constants  in  your  calculator. 
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The  soft  menu  keys  corresponding  to  this  CONSTANTS  LIBRARY  screen 
include  the  following  functions: 


SI  when  selected,  constants  values  are  shown  in  SI  units  (*) 

ENGL  when  selected,  constants  values  are  shown  in  English  units  ( 

UNIT  when  selected,  constants  are  shown  with  units  attached  (*) 

VALUE  when  selected,  constants  are  shown  without  units 

^STK  copies  value  (with  or  without  units)  to  the  stack 

QUIT  exit  constants  library 

(*)  Activated  only  if  the  VALUE  option  is  selected. 

This  is  the  way  the  top  of  the  CONSTANTS  LIBRARY  screen  looks  when  the 
option  VALUE  is  selected  (units  in  the  SI  system): 


Vm:  22.4141_1^9mol 
R:  S.31451_J/t9mol*K> 
StdT:  273.15_K 
StdP:   101.325_kPa  1] 


SI  ■  EnCL  UniT"  VfiLU"  -^TK  4UIT 


To  see  the  values  of  the  constants  in  the  English  (or  Imperial)  system,  press  the 
option: 


0063E-27_Etu/.. 
Vm:  359.0394_ft-^3/lb.. 
R:  10.73164_psi*ft-^3.. 
StdT:  491.67_°R 
StdP:  14.6959_psi 


SI    EHGL"  UniT"  VfiLU"  -^TK  4UIT 


If  we  de-select  the  UNITS  option  (press  IIIEiiEiEl )  only  the  values  are  shown 
(English  units  selected  in  this  cose): 


^^^consTflnrs  lierary^^^ 


HR:  6.0221367E23 


k:  7.270063E-27 
Vm:  359.0394 
R:  10.73164 
StdT:  491.67 
StdP:  14.6959 


SI    ERGLi  UniTS  VALUi  -(STK  4UIT 
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To  copy  the  value  of  Vm  to  the  stock,  select  the  variable  name,  and 

press  ItSliS,  then,  press  HlEil.  For  the  calculator  set  to  the  ALG,  the  screen 

v/ill  look  like  this: 


iCOHLIB 

Vm: 359. 0394 

CHICHI  HELP  1         1         1  1 

The  display  shov/s  v/hot  is  called  a  tagged  value,  ■'  ■  u.ii  i^  -i .  In  here, 

Vm,  is  the  tag  of  this  result.  Any  arithmetic  operation  with  this  number  v/ill 
ignore  the  tag.  Try,  for  example: 

Cr3_W!;CX3CxJC5D^M_  (ww) 

v/hich  produces: 


iCOHLIB 

Vm: 359. 0394 

:LH(2flHS(l)) 

6. 

57657931233 

CflSCMIHELPI         1         1  1 

The  same  operation  in  RPN  mode  will  require  the  following  keystrokes  (after 
the  value  of  Vm  was  extracted  from  the  constants  library): 

Defining  and  using  functions 

Users  can  define  their  own  functions  by  using  the  DEFINE  command  available 
thought  the  keystroke  sequence  C5D?^  (associated  with  the  L2J  key).  The 
function  must  be  entered  in  the  following  format: 

Function_name(arguments)  =  expression_containing_arguments 

For  example,  we  could  define  a  simple  function 

H(x)  =  ln(x+ 1 )  +  exp(-x) 

Suppose  that  you  have  a  need  to  evaluate  this  function  for  a  number  of 
discrete  values  and,  therefore,  you  want  to  be  able  to  press  a  single  button 


Page  3-16 


and  get  the  result  you  want  without  having  to  type  the  expression  in  the  right- 
hand  side  for  each  separate  value.  In  the  following  example,  we  assume  you 
have  set  your  calculator  to  ALG  mode.  Enter  the  following  sequence  of 
keystrokes: 

C5D      CD(^^  (S  O C3  (3  CD  CS  ^ 
eg  _w      (3:]  (3  CTD  CTD  (3:)  ED 

The  screen  will  look  like  this: 


:  DEF I  He('h(x)=LH(x+  1  )+e^') 
HOVflL 


+^KIP|SKIP-H  H)EL  I  DEL-f|DEL  L|  inS  ■ 


Press  the  LhJ  key,  and  you  will  notice  that  there  is  a  new  variable  in  your  soft 
menu  key  To  see  the  contents  of  this  variable  press  I    Jiilli.  The  screen 

will  show  now: 


:  DEFIHe(  H(x)=LH(x+l)+e  ) 
HOVRL 

*:  +  X  'LHtx+l>+EXPtx> ' 
■!MI31iaii^.lilB4MM«i;MM 

Thus,  the  variable  H  contains  a  program  defined  by: 

«^x'LN(x+l)  +  EXP(x)'  » 

This  is  a  simple  program  in  the  default  programming  language  of  the  HP  48 
G  series,  and  also  incorporated  in  the  HP  49  G  series.   This  programming 
language  is  called  UserRPL  (See  Chapters  20  and  21  in  the  calculator's  user's 
guide).   The  program  shown  above  is  relatively  simple  and  consists  of  two 
parts,  contained  between  the  program  containers  K  K  ">  >  : 

•  Input:  ^  X  y. 

•  Process:  'LN(x+l )  +  EXP(x)  ' 

This  is  to  be  interpreted  as  saying:  enter  a  value  that  is  temporarily  assigned 
to  the  name  x  (referred  to  as  a  local  variable),  evaluate  the  expression 
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between  quotes  that  contain  that  local  variable,  and  show  the  evaluated 
expression. 


To  activate  the  function  in  ALG  mode,  type  the  name  of  the  function  followed 

by  the  argument  between  parentheses,  e.g.,  iiliiii  1*1  }<J.  L  2  ][£nter}  .  Some 

examples  are  shown  below: 


H(2) 
HQ.  2) 


LH(3)+e 
4. 10S5742S31 


PPHR  ECHn 


In  the  RPN  mode,  to  activate  the  function  enter  the  argument  first,  then  press 
the  soft  menu  key  corresponding  to  the  variable  name  IllOi.    For  example, 
you  could  try:  C^2jlflyraJllliL[llilll .  The  other  examples  shown  above  can  be 
entered  by  using:  CTJCIJCjJ^^IIIIil ,  ^JJii^[JJ[j±JmM. 

Reference 

Additional  information  on  operations  with  real  numbers  with  the  calculator  is 
contained  in  Chapter  3  of  the  user's  guide. 
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Chapter  4 

Calculations  with  complex  numbers 

This  chapter  shows  examples  of  calculations  and  application  of  functions  to 
complex  numbers. 

Definitions 

A  complex  number  z  is  written  as  z  =  x  +  iy,  (Cartesian  form)  where  x  and  y 
are  real  numbers,  and  /  is  the  imaginary  un/f  defined  by  i^  =  -1 .   The  number 

has  0  real  part,  x  =  Re(z),  and  an  imaginary  pari,  y  =  lm(z).  The  polar  form 
of  a  complex  number  is  z  =  re  ''^  =  r-cos9  +  i  r  sinO,  where  r  =  jzj 

=  ^jx^  +      is  the  modulus  of  the  complex  number  z,  and  0  =  Arg(z)  = 

arcfan(y/x)  is  the  argument  of  the  complex  number  z.  The  complex  conjugate 
of  a  complex  number  z  =  x  +  iy  =  re  '\s  z  =  x  -  iy  =  re  .  The  negative  of 
z,  -z  =  -x-iy  =  -  re     can  be  thought  of  as  the  reflection  of  z  about  the  origin. 

Setting  the  calculator  to  COMPLEX  mode 

To  work  with  complex  numbers  select  the  CAS  complex  mode: 

The  COMPLEX  mode  will  be  selected  if  the  CAS  MODES  screen  shows  the 
option  _Complex  checked  off,  i.e.. 


ens  HODES 
_nuM<rit  _Hippr*x  QC«Hpt«^ 
4U«H  C«Hpl.«X  nuHb^ff? 


Press  IEI3S,  twice,  to  return  to  the  stack. 
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Entering  complex  numbers 

Complex  numbers  in  the  calculator  can  be  entered  in  either  of  the  two 
Cartesian  representations,  namely,  x+iy,  or  (x,y).   The  results  in  the  calculator 
will  be  shown  in  the  ordered-pair  format,  i.e.,  (x,y).  For  example,  with  the 
calculator  in  ALG  mode,  the  complex  number  (3.5,-1 .2),  is  entered  as: 

A  complex  number  can  also  be  entered  in  the  form  x+iy.  For  example,  in 
ALG  mode,  3.5-1 .2i  is  entered  as  (accept  mode  changes): 

In  RPN  mode,  these  numbers  could  be  entered  using  the  following  keystrokes: 

(Notice  that  the  change-sign  keystroke  is  entered  after  the  number  1 .2  has 
been  entered,  in  the  opposite  order  as  the  ALG  mode  exercise),  and 

(Notice  the  need  to  enter  an  apostrophe  before  typing  the  number  3.5-1 .2i  in 
RPN  mode). 

To  enter  the  unit  imaginary  number  alone  type  :  I  *i  J  j.  (the  I  key). 

Polar  representation  of  a  complex  number 

The  polar  representation  of  the  complex  number  3.5-1 .21,  entered  above,  is 
obtained  by  changing  the  coordinate  system  to  cylindrical  or  polar  (using 
function  CYLIN).  You  can  find  this  function  in  the  catalog  (Ij^^l  cat  ).  You 
can  also  change  the  coordinate  to  POLAR  using  (mot).  Changing  to  polar 
coordinate  with  the  angular  measure  in  radians,  produces  the  result: 


4: 

3: 

2: 

l:  (3.7, 

i.330£97354S£9) 

EDIT  1  VIEH 

^THCKI  RCL  IPURGEICLEHR 
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The  result  shown  above  represents  a  magnitude,  3.7,  and  an  angle 
0.33029....  The  angle  symbol  (Z)  is  shown  in  front  of  the  angle  measure. 

Return  to  Cartesian  or  rectangular  coordinates  by  using  function  RECT 
(available  in  the  catalog,  Ij^l  cat  ).   A  complex  number  in  polar 
representation  is  written  as  z  =  r  e'®.  You  can  enter  this  complex  number  into 
the  calculator  by  using  on  ordered  pair  of  the  form  (r,  Z9).  The  angle  symbol 
(Z)  can  be  entered  as  [mphaJI    J[  6  J .     For  example,  the  complex  number  z  = 
5.2e^^',  can  be  entered  as  follows  (the  figures  show  the  RPN  stack,  before 
and  after  entering  the  number); 


3: 

2: 

l: 

(3.5, 1.2) 

(.5.2,^1 

.5> 

EDIT  1  VIEH 

ISTflCKI 

RCL  IPURGEICLEHR 

Because  the  coordinate  system  is  set  to  rectangular  (or  Cartesian),  the 
calculator  automatically  converts  the  number  entered  to  Cartesian  coordinates, 
i.e.,  x  =  r  cos  0,  y  =  r  sin  0,  resulting,  for  this  case,  in  (0.3678...,  5.1 8...). 

On  the  other  hand,  if  the  coordinate  system  is  set  to  cylindrical  coordinates 
(use  CYLIN),  entering  a  complex  number  (x,y),  where  x  and  y  are  real 
numbers,  will  produce  a  polar  representation.  For  example,  in  cylindrical 
coordinates,  enter  the  number  (3. ,2.).  The  figure  below  shows  the  RPN  stack, 
before  and  after  entering  this  number: 


3: 

4: 

2: 

3: 

l: 

2: 

(3. ,2.4 

l:  (3. 60555127546, i.5S> 

EDIT  1  VIEH  1  RCL  |  £TD^  IRURCEICLEHR 

EDIT  1  VIEH  1  RCL  |  £TD^  IRURGEICLEHR 

Simple  operations  with  complex  numbers 

Complex  numbers  can  be  combined  using  the  four  fundamental  operations 
([  +  JL  —  Jl  X  J(.    J).  The  results  follow  the  rules  of  algebra  with  the  caveat  that 
i^=  -  7.   Operations  with  complex  numbers  are  similar  to  those  with  real 
numbers.  For  example,  with  the  calculator  in  ALG  mode  and  the  CAS  set  to 
Complex,  try  the  following  operations: 
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(3+5i)  +  (6-3i)  =  (9,2); 
(5-2i)  ■  (3+4i)  =(2,-6) 
(3-i)-(2-4i)  =  (2,-14); 
(5-2i)/(3+4i)  =  (0.28,-1.04) 
l/(3+4i)  =  (0.12,  -0.16) ; 
-(5-3i)  =  -5  -I-  3i 

The  CMPLX  menus 

There  are  two  CMPLX  (CoMPLeX  numbers)  menus  available  in  the  calculator. 
One  is  available  through  the  MTH  menu  (introduced  in  Chapter  3)  and  one 
directly  into  the  keyboard  ([  r»  jcmx ).  The  two  CMPLX  menus  are  presented 
next. 

CMPLX  menu  through  the  MTH  menu 

Assuming  that  system  flag  1  1 7  is  set  to  CHOOSE  boxes  (see  Chapter  2), 
the  CMPLX  sub-menu  within  the  MTH  menu  is  accessed  by  using: 
[  <-i  )MTH  [  9  J  MM  .  The  functions  available  are  the  following: 


COHFLEK  HEnU 
H.R-< 


I  III!  I  I     I    M         I         I         I         ICAnCLl  OK 


COHFLEK  HEnU 


5 

ARC 

7 

S 

WLQ  1 

conj  1 

The  first  menu  (options  1  through  6)  shows  the  following  functions: 

RE(z)  :  Real  part  of  a  complex  number 

iM(z)  :  Imaginary  part  of  a  complex  number 

C— >R(z)  :  Separates  a  complex  number  into  its  real  and  imaginary  parts 

R— >C(x,y)  :  Forms  the  complex  number  (x,y)  out  of  real  numbers  x  and  y 

ABS(z)  :  Calculates  the  magnitude  of  a  complex  number. 

ARG(z)  :  Calculates  the  argument  of  a  complex  number. 

SIGN(z)  :  Calculates  a  complex  number  of  unit  magnitude  as  z/ 1  z  | . 

NEG(z)  :  Changes  the  sign  of  z 

CONJ(z)  :  Produces  the  complex  conjugate  of  z 
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Examples  of  applications  of  these  functions  are  shown  next  in  RECT 
coordinates.  Recall  that,  for  ALG  mode,  the  function  must  precede  the 
argument,  while  in  RPN  mode,  you  enter  the  argument  first,  and  then  select 
the  function.  Also,  recall  that  you  can  get  these  functions  as  soft  menu  labels 
by  changing  the  setting  of  system  flag  1 1 7  (See  Chapter  2). 


RE(3.-2..i) 
IM(3.-2..i) 
C->-R(3.+5.'i5 


3. 
-2. 


,  {3.  5.} 


R-*C(5.,2.) 
l3.+5..il 


<3.  5.) 
(5.  ,2.) 


5.33095139435 
RRG(3.+5..i) 
,  1.03037632652 


1 . 030376326521 
:3IGH(-2.+3..i) 
(-.554700196225, . 3320=^ 
:-(-2.+3..i) 

(2.  ,-3.) 

:C0HJ(-2.+3..i) 

(-2.  ,-3.) 


CMPLX  menu  in  keyboard 

A  second  CMPLX  menu  is  accessible  by  using  the  right-shift  option  associated 
with  the  CZD  key,  i.e.,  C3a«.  With  system  flag  117  set  to  CHOOSE 
boxes,  the  keyboard  CMPLX  menu  shows  up  as  the  following  screens: 


COMPLEX  HEnU 

3.conj 

H.i 

1      1      1  icHnoT 

OK 

COMPLEX  HEnU 

3.conj 

H.i 

5.  IN 

c.nEC 

?.RE 

J 

1      1      1  IcfliiciT 

OK 

The  resulting  menu  include  some  of  the  functions  already  introduced  in  the 
previous  section,  namely,  ARG,  ABS,  CONJ,  IM,  NEG,  RE,  and  SIGN.  It  also 
includes  function  /  which  serves  the  same  purpose  as  the  keystroke 
combination  L  *i  J  J.  . 
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Functions  applied  to  complex  numbers 

Many  of  the  keyboard-based  functions  and  MTH  menu  functions  defined  in 
Cfiapter  3  for  real  numbers  (e.g.,  SQ,  ,LN,  e'',  etc.),  can  be  applied  to 
complex  numbers.  The  result  is  another  complex  number,  as  illustrated  in  the 
following  examples. 


SQ(3.+4. 
■J37+47T 


i) 


(-7. ,24. 
(2. , 1. 


RL0G(2.-i) 
[-66 .320151019,-74. 33£* 


:L0G(5.+3..i) 

. 76573945S521 , . 23470U 

,  5.-4..i 

'-97 .  0093 1 46996 ,  11 2 .  3  U 
:LH(5.-6..i) 

.2. 05543693209, -. S760=> 


SIH(4.-3..i5 
[-7.61 923 1 72032 ,6.543 1* 

C0S(-5.+7..i) 
[155. 536303519, -525. 

TflH(3.+3..i5 
[-1 . 4340315S162E-3, 1 . 


:RSIH(7.+3..i) 

[.71663915401,3 

:RC0S(3.+3..i) 

[.361040042712, 

:RTRH(-l.+2.d) 

[-1.33397252229 

.05714U 
-2.335?> 
,  .4023^> 

SIHH(4.-6..i) 
[26. 2029676173, 7. 63034^ 
iCOSH(l.-i) 

. 333730025131 ,-. 9SSS^^ 
iTRHH(-l.+i) 
-1 . 0S392332734, . 2717=> 


RSIHH(7.-9..i) 
[3. 12644592412, -. 9073£^ 

RC0SH(3..i) 
[1 . S1344645923, 1 . 5707=^ 

RTRHH(l.-6..i) 
t2 .63401 239 1 45E-2 , - 1 . 4H 


iim  mim  CO^H  HCOf  H  THnH  HTHnH 


Note:  When  using  trigonometric  functions  and  their  inverses  with  complex 
numbers  the  arguments  are  no  longer  angles.  Therefore,  the  angular  measure 
selected  for  the  calculator  has  no  bearing  in  the  calculation  of  these  functions 
with  complex  arguments. 


Function  DROITE:  equation  of  a  straight  line 

Function  DROITE  takes  as  argument  two  complex  numbers,  say,  Xi+iyi  and 
X2+iy2,  and  returns  the  equation  of  the  straight  line,  say,  y  =  a+bx,  that 
contains  the  points  (xi,yi)  and  (x2,y2).  For  example,  the  line  between  points 
A(5,-3)  and  B{6,2)  can  be  found  as  follows  (example  in  Algebraic  mode): 
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DR0ITE(5-3.i.6+2.i)  , 
V=5'(X-5)+-3 


CflSCM  HELP 


Function  DROITE  is  found  in  the  command  catalog  ((j^l  cat  ).  If  the  calculator 
is  in  APPROX  mode,  tfie  result  will  be  Y  =  5.*(X-5.)-3. 

Reference 

Additional  information  on  complex  number  operations  is  presented  in  Cfiapter 
4  of  the  calculator's  user's  guide. 
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Chapter  5 

Algebraic  and  arithmetic  operations 

An  algebraic  object,  or  simply,  algebraic,  is  any  number,  variable  name  or 
algebraic  expression  that  can  be  operated  upon,  manipulated,  and  combined 
according  to  the  rules  of  algebra.  Examples  of  algebraic  objects  are  the 
following: 

•  A  number:  12.3,  15.2_m,  V,  'e',  'i' 

•  A  variable  name:       'a',  'ux',  'width',  etc. 

.    An  expression:  'p*D'^2/4','f*(L/D)*{V'^2/{2*g))', 

•  An  equation:     'p*V  =  n*R*T',  'Q=(Cu/n)*A(y)*R(y)'^(2/3)*VSo' 

Entering  algebraic  objects 

Algebraic  objects  can  be  created  by  typing  the  object  between  single  quotes 
directly  into  stack  level  1  or  by  using  the  equation  writer  [EQW].  For 
example,  to  enter  the  algebraic  object  'n*D'^2/4'  directly  into  stack  level  1 
use: 

CZDCS     CxJ     (@  CZD  QD  CS  CjJ  («™) 

An  algebraic  object  can  also  be  built  in  the  Equation  Writer  and  then  sent  to 
the  stack,  or  operated  upon  in  the  Equation  Writer  itself.  The  operation  of  the 
Equation  Writer  was  described  in  Chapter  2.  As  an  exercise,  build  the 
following  algebraic  object  in  the  Equation  Writer: 


EDIT  I  CUR£  I  EIG  ■!  EVHL  |FHCTO|  £IHP 
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After  building  the  object,  press  [inter]  to  show  it  in  the  stack  (ALG  and  RPN 
modes  shown  below): 


2: 

l: 

EDIT  1  VIEH 

RCL  1  STO^  |PURGE|CLEflR 

Simple  operations  with  algebraic  objects 

Algebraic  objects  can  be  added,  subtracted,  multiplied,  divided  (except  by 
zero),  raised  to  a  power,  used  as  arguments  for  a  variety  of  standard 
functions  (exponential,  logarithmic,  trigonometry,  hyperbolic,  etc.),  as  you 
would  any  real  or  complex  number.    To  demonstrate  basic  operations  with 
algebraic  objects,  let's  create  a  couple  of  objects,  say  'n*R'^2'  and  'g*t'^2/4', 
and  store  them  in  variables  Al  and  A2  (See  Chapter  2  to  learn  how  to  create 
variables  and  store  values  in  them).  Here  are  the  keystrokes  for  storing 
variables  Al  in  ALG  mode: 

CIDC5D^CHD(4™)(21CZDCTDCD  &  (d^OCX) 


resulting  in 


1  2' 


TT'R 


EDIT   VIEH    RCL  ^TD^  PURGE  CLEHR 


The  keystrokes  corresponding  to  RPN  mode  are: 

l3:)7^(^(g(w^CX]CZD(21  (^@UD 

After  storing  the  variable  A2  and  pressing  the  key,  the  screen  will  show  the 
variables  as  follows: 
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In  ALG  mode,  the  following  keystrokes  will  show  a  number  of  operations  with 
the  algebraics  contained  in  variables  ESS  and  SuEn  (press  L  w«  J  to  recover 
variable  menu): 


mm 
HiE 

IBfll  1  i  1 

■□■■□■■HID    1-  1 

BijiM  [inter} 

:R1+R2 

2  2 

■TT+t  '9 

4 

■UL 

■1  L  X  J  1 

2  2 

:Rlfl2 

4 

2  2 

t    ■9'R  'TT 

4 

c 

1  1^ 

:LH(R1) 

2 

4.R  .Tr 
t^.9 

LH(R^.Tr. 

1  1 

iiriHDi  /  \     :::::-::— uiii  /■  ^ 

.LUii  lwg«J 


2  2 

4.R  ■TT+t  '9 

:R1-R2 

4 

2  2 

4.R  'TT-t  '9 

4 

.  Rl 
■R2 

4 

2 

4.R  'TT 

t^.9 

lhIr^'ttJ 

4 

e 

The  same  results  are  obtained  in  RPN  mode  if  using  the  following  keystrokes: 

[ENmj  iiHiii  [jj  EES!       liSiiliii  CZ] 

Ea  cxD         EH ESI c+D 

ES!       CEH— SG3  C5D?^ 
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Functions  in  the  ALG  menu 

The  ALG  (Algebraic)  menu  is  available  by  using  the  keystroke  sequence 
[jfJ_ALG  (associated  with  the  [  4  J  key).   With  system  flag  1  1 7  set  to 
CHOOSE  boxes,  the  ALG  menu  shows  the  following  functions: 


HLG  HEnU 

1. COLLECT  II 

2.EKPHnD  1 

FACTOR  1 

H.LnCOLLECT  1 

5.  Lin 

e.PARTFRAC  W 

HELPI         1         1  ICHnCLl 

OK 

ALG  HEnU 

H.LnCOLLECT 

5.  Lin 

S.PARTFRAC 
?. SOLVE 

s.suesT 

S.TEKPAHD 

HELPI      1      1  IcHiiciT 

OK 

Rather  than  listing  the  description  of  each  function  in  this  manual,  the  user  is 
invited  to  look  up  the  description  using  the  calculator's  help  facility:  UoaJ  [nxt] 
iHiljil  [ENTiK) .  To  locate  a  particular  function,  type  the  first  letter  of  the  function. 
For  example,  for  function  COLLECT,  we  type  [alpha}(c]  ,  then  use  the  up  and 
down  arrow  keys,  /a^^qt^  ^  to  locate  COLLECT  within  the  help  window. 


To  complete  the  operation  press  S3SS.  Here  is  the  help  screen  for  function 
COLLECT: 

COLLECT: 

Recurs  i  ye      f  act  or  i  za- 
tion  of  a  polynomial 
oyer  integers 
C0LLECTtX^2-4> 

See:   EXPRHD  FRCTOR 


EKIT  I  ECHO  I  SEEl  |  SEE2  |  SEE?  |  HAIA 


We  notice  that,  at  the  bottom  of  the  screen,  the  line  See:  EXPAND  FACTOR 
suggests  links  to  other  help  facility  entries,  the  functions  EXPAND  and  FACTOR. 
To  move  directly  to  those  entries,  press  the  soft  menu  key  Eajiiii  for  EXPAND, 
and  @j13I  for  FACTOR.    Pressing  ESI,  for  example,  shows  the  following 
information  for  EXPAND,  while  @113lshows  information  for  FACTOR: 


Factorizes  an  integer 
or  a  polynomial 
FRCT0RtX^2-2> 

tX+-J"2>c:x-J"2> 

See:   EXPRHD  COLLECT 


EKIT  I  ECHO  I  SEEl  |  SEES  |  SEE3  |  MAIA  H  EKITTeCHO  |  SEEl  |  SEE2  |  SEE?  |  HAIA 


EXPAND: 

zxpancds  ancd  simplifies 
an  algebraic  expr. 
EXPRHDttX+2>*tX-2>> 

X-^2-4 

See:   COLLECT  SIMPLIFY 
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Copy  the  examples  provided  onto  your  stack  by  pressing  IIIEII.  For  example, 
for  the  EXPAND  entry  shown  above,  press  the  sMM  soft  menu  key  to  get  the 
follov/ing  example  copied  to  the  stack  (press        to  execute  the  command): 


HELP 

E>iPflHD((X+2).(X-2)) 


CHSCH  HELP 


HELP 

FflCT0R(x^-2) 


CHSCH  HELP 


Thus,  we  leave  for  the  user  to  explore  the  applications  of  the  functions  in  the 
ALG  menu.  This  is  a  list  of  the  commands: 


HLG  HEnU 

1. COLLECT  II 

2.EKPHnD  1 

FACTOR  1 

H.LnCOLLECT  1 

5.  Lin 

e.PARTFRAC  U 

HELPI         1         1  ICHnCLl 

OK 

ALG  HEnU 

H.LnCOLLECT 

5.  Lin 

S.PARTFRAC 
?. SOLVE 
S.SUPST 

S.TEKPAHD 

HELP  1       1       1  icnncLl 

OH 

For  example,  for  function  SUBST,  we  find  the  following  CAS  help  facility  entry: 


5UEST: 

Bubst  itutes 

a  yalue 

for  a  yaria 

Die  in  an 

expression 

BUBSTtR-^2+1 

2-^2+1 

5ee:  

EKIT  1  ECHO  1  SEEl 

SEE2  1  SEE?  1  HAin 

:HELP 

:SUESt(r^+1,R=2) 

2^.1 

CASCHI  HELPI         1         1  1 

Note:  Recall  that,  to  use  these,  or  any  other  functions  in  the  RPN  mode, 
you  must  enter  the  argument  first,  and  then  the  function.  For  example,  the 
example  for  TEXPAND,  in  RPN  mode  will  be  set  up  as: 

At  this  point,  select  function  TEXPAND  from  menu  ALG  (or  directly  from 
the  catalog  I  r»  J  cat  ),  to  complete  the  operation. 
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Operations  with  transcendental  functions 

The  calculator  offers  a  number  of  functions  that  can  be  used  to  replace 
expressions  containing  logarithmic  and  exponential  functions  ((.  <-i  J exp^ln  )^  qs 
well  as  trigonometric  functions  ((j^l  trig  ). 

Expansion  and  factoring  using  log-exp  functions 

The  [  <n  )expun  produces  the  following  menu: 


EKP£in  HEnu 

l.EKPLn  II 

3. Lin  1 
H.LnCOLLECT  1 
S.LnPl  1 

e.TEXpnnD  D 

icnncLi 

OK 

IKfSLW  HEnu 

2.  EKPH 

3.  Lin 

H.LnCOLLECT 

s.Lnpi 
E.TEKPHnn 

?.t;ihp 

HELM       1       1  IcHiiar 

OK 

Information  and  examples  on  these  commands  are  available  in  the  help 
facility  of  the  calculator.  For  example,  the  description  of  EXPLN  is  shown  in 
the  left-hand  side,  and  the  example  from  the  help  facility  is  shown  to  the  right: 


EXPLH: 

Rewrites  transcendent, 
functions  in  terms  of 
EXP  and  LH 
EXPLHtCOStX>> 
tEXPti*X>+l/EXPti*X>X 
5ee:   SI NCOS  EXP2HYP 


EKIT   ECHO   f  EEl   £EE2   iZZ3  HHin 


:HELP 

:EXPLH(C0S(X)) 

^  i'X 
e 

2 

CHICHI  HELP  1         1         1  1 

Expansion  and  factoring  using  trigonometric  functions 

The  TRIG  menu,  triggered  by  using  I  r»  J  ™g  ^  shows  the  following  functions: 


TRIG  HEnu 

TRIG  HEnu 

1. HYPERBOLIC.  1 

?.sincoj  [ 

2.HC0£2£ 

3.H£in2C 

3.TAn2£C2 

H.HSinaT 

ID.TCOLLECT 

Il.TEKPAnD  1 

e.HALFTAn 

nsnr^^^^Hl 

1       1       1  icnncL 

OK 

HELPI         1         1  [CHiiCL 

OK 

TRIG  HEnu 

la.TLin 

13. TRIG 

IH.TRIGCOS 

IS.TRIG^in 

IG.TRIGTAn 

Ii?.t;ihp  M 

cnncL  OK 
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These  functions  allow  to  simplify  expressions  by  replacing  some  category  of 
trigonometric  functions  for  another  one.  For  example,  the  function  ACOS2S 
allows  to  replace  the  function  arccosine  (acos(x))  with  its  expression  in  terms 
of  arcsine  (asin(x)). 


Description  of  these  commands  and  examples  of  their  applications  are 
available  in  the  calculator's  help  facility  ([Toa)lNXT]tSiSS).  The  user  is  invited  to 
explore  this  facility  to  find  information  on  the  commands  in  the  TRIG  menu. 


Functions  in  the  ARITHMETIC  menu 

The  ARITHMETIC  menu  is  triggered  through  the  keystroke  combination 
C5D^«/Zw  (associated  with  the  CTD  key).  With  system  flag  1 1 7  set  to 
CHOOSE  boxes,  I  <n         shows  the  following  menu: 


HRITH  HEnU 

l.inTEGEft..  II 

a.POLVnOHIHL..  1 

?.HODULO..  1 

H.PERHUTATIOn..  1 

:FF 

S.DIVI^ 

fi.FfiCTORS  U 

ts" 

1         1         1  ICAnCLl 

OK 

HRITH  HERU 

H.PERHUTATIOn..  [] 

S.DIVI^ 

E. FACTORS  1 

^.LGCD  1 

:FF 

S.PROF-FRAC  1 

i.smfs  II 

m       1       1  IcnncLl 

OK 

Out  of  this  menu  list,  options  5  through  9  (DIVIS,  FACTORS,  LGCD, 
PROPFRAC,  SIMP2)  correspond  to  common  functions  that  apply  to  integer 
numbers  or  to  polynomials.   The  remaining  options  (7.  INTEGER,  2. 
POLYNOMIAL,  3.  MODULO,  and  4.  PERMUTATION]  are  actually  sub- 
menus of  functions  that  apply  to  specific  mathematical  objects.  When 
system  flag  1 1 7  is  set  to  SOFT  menus,  the  ARITHMETIC  menu  ((^ARim  ) 
produces: 


IRTEGI  POLV  IHODULI  PERM  |DIVIS|FflCTO 

■ 

LGCD  |PROPF|SIMPa|         I  I 

Following,  we  present  the  help  facility  entries  for  functions  FACTORS  and 
SIMP2  in  the  ARITHMETIC  menu: 
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FACTORS: 

Returns  irreductible 
factors  of  an  integer 
Dr  a  polynomial 
-RCT0RS<R-^2-n 

t  X+1  1.  X-1  1. 
5ee:  FRCTOR 


EXIT  I  ECHO  I  £EE1  |  £EE2  |  iZZ3  \  HHIH 


SIMP2: 
SIMP2: 

Simplifies  2  objects 
by  dividing  them  by 
their  GCD 

SlMP2tX-^3-l,X-^2-n 

{:x^2+x+i,x+n 

See: 


EXIT  I  ECHO  I  f  EEl  |  £EE2  |  iZZ3  \  HHIH 


The  functions  associated  with  the  ARITHMETIC  submenus:  INTEGER, 
POLYNOMIAL,  MODULO,  and  PERMUTATION,  are  presented  in  detail  in 
Chapter  5  in  the  calculator's  user's  guide.  The  following  sections  show  some 
applications  to  polynomials  and  fractions. 


Polynomials 

Polynomials  are  algebraic  expressions  consisting  of  one  or  more  terms 
containing  decreasing  powers  of  a  given  variable.  For  example, 
'X^3+2*X'^2-3*X+2'  is  a  third-order  polynomial  in  X,  while  'SIN(X)'^2-2'  is  a 
second-order  polynomial  in  SIN(X).     Functions  COLLECT  and  EXPAND, 
shown  earlier,  can  be  used  on  polynomials.  Other  applications  of  polynomial 
functions  are  presented  next: 

The  HORNER  function 

The  function  HORNER  (C5D^^™,  POLYNOMIAL,  HORNER)  produces  the 
Horner  division,  or  synthetic  division,  of  a  polynomial  P(X)  by  the  factor  (X-o), 
i.e.,  HORNER(P(X),a)  =  {Q(X),  a,  P(a)},  where  P(X)  =  Q(X)(X-a)+P(a).  For 
example, 

HORNER('X'^3-^2*X'^2-3*X-Fl  ',2)  =  {X''2+4*X+5   2  11} 
i.e.,  X3+2X2-3X+1  =  (X2+4X+5)(X-2)-i-n.  Also, 

HORNER('X'^6-l',-5)= 
{X'^5-5*XMh-25*X'^3-125*X'^2h-625*X-3125    -5  15624} 
i.e.,     X^-l  =  (X5-5*X^+25X3-1 25X2+625X-3125)(X+5)-i- 15624. 
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The  variable  VX 

Most  polynomial  examples  above  were  written  using  variable  X.  This  is 
because  a  variable  called  VX  exists  in  the  calculator's  {HOME  CASDIR} 
directory  that  takes,  by  default,  the  value  of  'X'.  This  is  the  name  of  the 
preferred  independent  variable  for  algebraic  and  calculus  applications. 
Avoid  using  the  variable  VX  in  your  programs  or  equations,  so  as  to  not  get  it 
confused  with  the  CAS'  VX.  For  additional  information  on  the  CAS  variable 
see  Appendix  C  in  the  calculator's  user's  guide. 

The  PCOEF  function 

Given  an  array  containing  the  roots  of  a  polynomial,  the  function  PCOEF 
generates  an  array  containing  the  coefficients  of  the  corresponding 
polynomial.  The  coefficients  correspond  to  decreasing  order  of  the 
independent  variable.  For  example: 

PCOEF([-2,  -1,  0  ,1,  1,  2])  =  [1.  -1.  -5.  5.  4.  -4.  0.], 

which  represents  the  polynomial  X^-X5-5X^+5X2+4XMX. 

The  PROOT  function 

Given  an  array  containing  the  coefficients  of  a  polynomial,  in  decreasing 
order,  the  function  PROOT  provides  the  roots  of  the  polynomial.  Example, 
from  X2+5X+6  =0,  PROOT([l,  -5,  6])  =  [2.  3.]. 

The  QUOT  and  REMAINDER  functions 

The  functions  QUOT  and  REMAINDER  provide,  respectively,  the  quotient  Q(X) 
and  the  remainder  R(X),  resulting  from  dividing  two  polynomials,  Pi(X)  and 
P2(X).  In  other  words,  they  provide  the  values  of  Q(X)  and  R(X)  from 
Pi(X)/P2(X)  =  Q(X)  +  R(X)/P2(X).  For  example, 

QUOT('X'^3-2*X+2',  'X-1')  =  'X^2+X-l' 
REMAINDER('X'^3-2*X+2',  'X-1')  =  1. 

Thus,  we  can  write:    (X3-2X-i-2)/(X-l )  =  X^+X-l  +  1/(X-1 ). 
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Note:  you  could  get  the  latter  result  by  using  PARTFRAC: 

PARTFRAC('(X'^3-2*X+2)/(X-l)')  =  'X'^2+X-l  +  1/(X-1)'. 


The  PEVAL  function 

The  function  PEVAL  (Polynomial  EVALuation)  can  be  used  to  evaluate  a 
polynomial 

p(x)  =  a„-x"+a„.j-x  "     ...+  a2-x^+ayx+  Qq, 

given  an  array  of  coefficients  [a„,  a„,,,  ...  02,  Q;,  Oq]  and  a  value  of  Xq.  The 
result  is  the  evaluation  p(xq).  Function  PEVAL  is  not  available  in  the 
ARITHMETIC  menu,  instead  use  the  CALC/DERIV&INTEG  Menu.  Example: 
PEVAL([1,5,6,1],5)  =  281. 

Additional  applications  of  polynomial  functions  are  presented  in  Chapter  5  in 
the  calculator's  user's  guide. 


Fractions 

Fractions  can  be  expanded  and  factored  by  using  functions  EXPAND  and 
FACTOR,  from  the  ALG  menu  (CED^ ).  For  example: 

EXPAND('(1+X)'^3/((X-1)*  (X+3))')  =  '(X'^3+3*X'^2+3*X+l)/(X'^2+2*X-3)' 
EXPAND('(X'^2*(X+Y)/(2*X-X'^2)^2')  =  '(X+Y)/(X^2-4*X+4)' 

FACTOR('(3  *X"  3-2  *X"  2)/(X"  2-5  *X+6)')  =  'X"  2  *  (3  *X-2)/((X-2)  *  {X-3))' 
FACTOR('(X'^3-9*X)/(X'^2-5*X+6)' )  =  'X*(X+3)/(X-2)' 

TheSIMP2  function 

Function  SIMP2,  in  the  ARITHMETIC  menu,  takes  as  arguments  two  numbers 
or  polynomials,  representing  the  numerator  and  denominator  of  a  rational 
fraction,  and  returns  the  simplified  numerator  and  denominator.  For  example: 

SiMP2('X'^3-l','X'^2-4*X+3')  =  { 'X'^2+X+l','X-3'} 
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The  PROPFRAC  function 

The  function  PROPFRAC  converts  a  rational  fraction  into  a  "proper"  fraction, 
i.e.,  an  integer  part  added  to  a  fractional  part,  if  sucfi  decomposition  is 
possible.  For  example: 

PROPFRAC('5/4')  =  '1  +  1/4' 
PROPFRAC('(x'^2+l)/x'^2')  =  'l  +  l/x'^2' 

The  PARTFRAC  function 

The  function  PARTFRAC  decomposes  a  rational  fraction  into  the  partial 
fractions  that  produce  the  original  fraction.  For  example: 

PARTFRAC('(2*X'^6-14*X'^5+29*X^4-37*X'^3+41*X'^2-16*X+5)/(X'^5- 
7*XA4+i  1  *X'^3-7*X'^2+1 0*X)')  = 

'2  *X+{  1  /2/{X-2)+5/{X-5)+ 1  /2/X+X/(X'^  2+ 1 ))' 

The  FCOEF  function 

The  function  FCOEF,  available  through  the  ARITHMETIC/POLYNOMIAL  menu, 
is  used  to  obtain  a  rational  fraction,  given  the  roots  and  poles  of  the  fraction. 


Note:  If  a  rational  fraction  is  given  as  F(X)  =  N(X)/D(X),  the  roots  of  the 
fraction  result  from  solving  the  equation  N(X)  =  0,  v/hile  the  poles  result  from 
solving  the  equation  D(X)  =  0. 


The  input  for  the  function  is  a  vector  listing  the  roots  follov/ed  by  their 
multiplicity  (i.e.,  how  many  times  a  given  root  is  repeated),  and  the  poles 
follov/ed  by  their  multiplicity  represented  as  a  negative  number.  For  example, 
if  we  want  to  create  a  fraction  having  roots  2  with  multiplicity  1 ,  0  with 
multiplicity  3,  and  -5  with  multiplicity  2,  and  poles  1  with  multiplicity  2  and  -3 
with  multiplicity  5,  use: 

FCOEF([2, 1 ,0,3,-5,2,1  ,-2,-3,-5])  =  '(X~5)'^2*X'^3*(X-2)/(X-3)'^5*(X-l  )^2' 

If  you  press  [fwtj[  <n  )^ns   (or,  simply         in  RPN  mode)  you  will  get: 

'(X'^6+8*X'^5+5*X'^4-50*X'^3)/{X'^7+13*X'^6+61*X'^5+105*X'^4-45*X'^3- 
297*X62-81*X+243)' 
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The  FROOTS  function 

The  function  FROOTS,  in  the  ARITHMETIC/POLYNOMIAL  menu,  obtains  the 
roots  and  poles  of  a  fraction.   As  an  example,  applying  function  FROOTS  to 
the  result  produced  above,  will  result  in:       [1  -2.  -3  -5.  0  3.  2  1.-5  2.]. 
The  result  shows  poles  followed  by  their  multiplicity  as  a  negative  number, 
and  roots  followed  by  their  multiplicity  as  a  positive  number.  In  this  case,  the 
poles  are  (1,  -3)  with  multiplicities  (2,5)  respectively,  and  the  roots  are  (0,  2,  - 
5)  with  multiplicities  (3,  1 ,  2),  respectively. 

Another  example  is:  FROOTS('(X''2-5*X+6)/(X'^5-X'^2)')  =  [0-2.  1  -1.  3  1. 
2  1.],  i.e.,  poles  =  0  (2),  1(1),  and  roots  =  3(1),  2(1).  If  you  have  had 
Complex  mode  selected,  then  the  results  would  be: 
[0-2.  1  -1. '-((l+i*V3)/2'-l. '-((l-i*V3)/2'-l.]. 

Step-by-step  operations  with  polynomials  and  fractions 

By  setting  the  CAS  modes  to  Step/step  the  calculator  will  show  simplifications 
of  fractions  or  operations  with  polynomials  in  a  step-by-step  fashion.  This  is 
very  useful  to  see  the  steps  of  a  synthetic  division.  The  example  of  dividing 

-5X'  +3X-2 
X-2 

is  shown  in  detail  in  Appendix  C  of  the  calculator's  user's  guide.  The 
following  example  shows  a  lengthier  synthetic  division  (DIV2  is  available  in 
the  ARITH/POLYNOMIAL  menu): 

X'-\ 


[)IV2(X-^9-l,X-^2-n 

^iyision  H=BQ-hR 

?:    te, 1,0,0,0,0,0,0,-1 

=ress  a  key  to  go  on 

flECUV|CHinR|CYCLO|  DIVa  1  EGCD  IFflCTO 

flECUV|CHinR|CVCLO|  DIVa  1  EGCD  IFflCTO 
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Division  H=BQ+R 

B:  {:i,0;-n 

R:    tl, 0,0, 0,0, 0,0,-1  J 

Press  a  key  to  go  on 


^iyision  H=BQ+R 

=i:  0,0, 0,0, 0,0, 0,0, 

3:  {:i,0,-lJ 

a:  {:i,0,i> 

R:    {10,  1,0,0,0,0,-1  J 

^ress  a  key  to  go  on 


flECUVlCHinRlCYCLOl  DIVa  1  EGCD  iFflCTO 

flECUVlCHinRlCVCLOl  DIVa  1  EGCD  iFflCTOl 

Division  H=BQ+R 

R:    <:i, 0,0, 0,0, 0,0, 0,0, 

B:  tl,0,-n 

Q:  {:1,0,1,0J 

R:  {11,0,0,0,0,-1  J 

Press  a  key  to  go  on 

^iyision  H=BQ+R 

R:    {:i, 0,0, 0,0, 0,0, 0,0, 

3:  {:i,0,-n 
a:  {:i,0,i,0,n 

R:  {10, 1,0,0,-1  J 
=ress  a  key  to  go  on 

flECUV  CHinR  CYCLO  DIVa   EGCD  FflCTO 

flECUV  CHinR  CVCLO  DIVa   EGCD  FflCTO 

R:    {:i, 0,0, 0,0, 0,0, 0,0, 

3:  {:i,0,-n 

a:  {:i,0, 1,0, i,0j 

R:  {:i,0,0,-lJ 

^ress  a  key  to  go  on 


HRCUV  CHIRR  CYCLO  DIVa   EGCD  FHCTO^HHRCUV  CHIRR  CYCLO  DIVa   ECCD  FHCTO 


R:    {:i, 0,0, 0,0, 0,0, 0,0, 

b:  {:i,0,-n 

a:  {:i,0, 1,0, 1,0, n 

R:  {:0,1,-1J 

Press  a  key  to  go  on 


Division  R=BQ+R 

R:    {:i, 0,0, 0,0, 0,0, 0,0, 

B:  {:i,0,-n 

a:  {:i,0, 1,0, 1,0, i,0j 

R:  tlj-lJ 

Press  a  key  to  go  on 


HRCUV  CHIRR  CYCLO  DIVa   ECCD  FHCTO^HRCUV  CHIRR  CYCLO  DIVa   ECCD  FACTO 


DIV2(x^-l,X^-l) 
{q:  (x'^+X^+X^+x)  R:  (X-1)} 


Reference 

Additional  information,  definitions,  and  examples  of  algebraic  and  aritfimetic 
operations  are  presented  in  Chiapter  5  of  tfie  calculator's  user's  guide. 
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Chapter  6 

Solution  to  equations 

Associated  with  the  I  7  J  key  there  are  two  menus  of  equation-solving 

functions,  the  Symbolic  SOLVer  (CjTDi^  ),  and  the  NUMerical  SoLVer 

(t    )i^M.sLv ).  Following,  we  present  some  of  the  functions  contained  in  these 

menus. 


Symbolic  solution  of  algebraic  equations 

Here  we  describe  some  of  the  functions  from  the  Symbolic  Solver  menu. 
Activate  the  menu  by  using  the  keystroke  combination  [  <n  )s-slv   .  With  system 
flag  1 17  set  to  CHOOSE  boxes,  the  following  menu  lists  will  be  available: 


S.SLV  HEnu 


ISOL 
LDEC 

Lin^OLVE 

SOLVEVK 

SOLVE 


S.SLV  HEnu 


2.IS0L 
?.LDEC 
H.LinSOLVE 
5.S0LVEVK 
S. SOLVE 


Functions  ISOL  and  SOLVE  can  be  used  to  solve  for  any  unknown  in  a 
polynomial  equation.  Function  SOLVEVX  solves  a  polynomial  equation  where 
the  unknown  is  the  default  CAS  variable  VX  (typically  set  to  'X').  Finally, 
function  ZEROS  provides  the  zeros,  or  roots,  of  a  polynomial. 


Function  ISOL 

Function  ISOL(Equation,  variable)  will  produce  the  solution(s)  to  Equation  by 
isolating  variable.    For  example,  with  the  calculator  set  to  ALG  mode,  to 
solve  for  /  in  the  equation  at'^-bt  =  0  we  can  use  the  following: 
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Using  the  RPN  mode,  the  solution  is  accomplished  by  entering  the  equation  in 
the  stack,  followed  by  the  variable,  before  entering  function  ISOL.  Right 
before  the  execution  of  ISOL,  the  RPN  stack  should  look  as  in  the  figure  to  the 
left.  After  applying  ISOL,  the  result  is  shown  in  the  figure  to  the  right: 


3: 
Z: 

l: 


't ' 


^'        |t=0t  = 

■JTE 

^^1 

a 

DELh 

DEL  L 

ins  ■ 

The  first  argument  in  ISOL  can  be  an  expression,  as  shown  above,  or  an 
equation.  For  example,  in  ALG  mode,  try: 


ISOL(V.^-k.^.=k^',v) 


CHSCH  HELP 


Note:  To  type  the  equal  sign  (=)  in  an  equation,  use  I  r»  J  ^  (associated 

with  the  (.  *i-  J  key). 

The  same  problem  can  be  solved  in  RPN  mode  as  illustrated  below  (figures 
show  the  RPN  stack  before  and  after  the  application  of  function  ISOL): 


T  ■ 

.^-k..=k2 

l: 

f:  /.      (-1+J5).k  .  (1+J5)^ 

V-~        2  2 

CHSCH|HELP|         1         1         1  H 

CHSCHI  HELP  1         1         1  1 

Function  SOLVE 

Function  SOLVE  has  the  same  syntax  as  function  ISOL,  except  that  SOLVE  can 
also  be  used  to  solve  a  set  of  polynomial  equations.  The  help-facility  entry  for 
function  SOLVE,  with  the  solution  to  equation        -  1  =  3  ,  is  shown  next: 
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SOLVE: 

Solves  a  tor  a  set  of? 
olynomial  equation 
0L9EtX-^4-l=35.X> 

CA=T2  X=-J"2J 

feee:   LIHSOLVE  SOLVEVX 


EXIT   ECHO   f  EEl   £EE2   £EE?  HHIH 


The  following  examples  show  the  use  of  function  SOLVE  in  ALG  and  RPN 
modes  (Use  Complex  mode  in  the  CAS): 


solve('p^-5-p=i25';p') 

S0LVE('p^-5-p=6';d_ 


t^KIP  SKIP-H  H)EL   DEL-f  DEL  L  inS  i 


The  screen  shot  shown  above  displays  two  solutions.  In  the  first  one,  P'^-Sp 
=  1  25,  SOLVE  produces  no  solutions  { }.  In  the  second  one,  P"*  -  5p  =  6, 
SOLVE  produces  four  solutions,  shown  in  the  last  output  line.   The  very  last 
solution  is  not  visible  because  the  result  occupies  more  characters  than  the 
width  of  the  calculator's  screen.  However,  you  can  still  see  all  the  solutions  by 
using  the  down  arrow  key  C^),  which  triggers  the  line  editor  (this  operation 
can  be  used  to  access  any  output  line  that  is  wider  than  the  calculator's 
screen): 


solveI  p'*-5>=6  ;evl 


P=-l  P=2  P=- 


■■=6  ;evL 

i+i-irr 


p=- 


Cp=-l,p=2,p=-ta  +  i*-J" 

11  V2j,p=-t  a-i*-ni  V 

2>> 


t^KIP  SKIP-H  H)EL   DEL-f  DEL  L  IDS  i 


The  corresponding  RPN  screens  for  these  two  examples,  before  and  after  the 
application  of  function  SOLVE,  are  shown  next: 


T  ■ 

2: 

l: 

'P' 

+^KIP|SKIP-t 

1  H)EL  1  DEL-f|DEL  L|  IDS  ■ 

4: 

3: 

2: 

l: 

+^KIP|SKIP-t 

1  H)EL  1  DEL-f|DEL  L|  IDS  ■ 
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3: 
Z: 

l: 

■  p. 

+^KIP|SKIP-t 

H)EL  1  DEL-f|DEL  L|  inS  ■ 

3T" 

Z: 
l: 


Function  SOLVEVX 

The  function  SOLVEVX  solves  an  equation  for  tfie  default  CAS  variable 
contained  in  the  reserved  variable  name  VX.  By  default,  this  variable  is  set  to 
'X'.  Examples,  using  the  ALG  mode  with  VX  =  'X',  are  shov/n  below: 


:  SOLVEVx[x^- 

-a.X= 

b) 

:  SOLVEVx[x^- 

-^■X= 

20) 

X=2 

+^KIP|SKIP^  H)EL 

DEL-f 

DEL  L 

ins  ■ 

In  the  first  case  SOLVEVX  could  not  find  a  solution.  In  the  second  case, 
SOLVEVX  found  a  single  solution,  X  =  2. 


The  following  screens  show  the  RPN  stack  for  solving  the  two  examples  shown 
above  (before  and  after  application  of  SOLVEVX): 


T  ■ 

3: 
2: 

l: 

X^-a'X=b 

CHSCHIHELPI         1         1  1 

4: 

3: 

2: 

l: 

CflSCMIHELPI         1         1  1 

T  ■ 

3: 
2: 

l: 

X^-6.X=20 

CflSCMIHELPI         1         1  1 

4: 

3: 

2: 

l: 

X=2 

CflSCMIHELPI         1         1  1 

Function  ZEROS 

The  function  ZEROS  finds  the  solutions  of  a  polynomial  equation,  without 
showing  their  multiplicity.  The  function  requires  having  as  input  the 
expression  for  the  equation  and  the  name  of  the  variable  to  solve  for. 
Examples  in  ALG  mode  are  shown  next: 


Page  6-4 


:  ZEROs(k 

{0  1 

l  +  i-j3 
 2  

H)EL  1  DEL-f 

DEL  L|in£> 

To  use  function  ZEROS  in  RPN  mode,  enter  first  tfie  polynomial  expression, 
then  the  variable  to  solve  for,  and  then  function  ZEROS.    The  follov/ing  screen 
shots  show  the  RPN  stack  before  and  after  the  application  of  ZEROS  to  the 
two  examples  above  (Use  Complex  mode  in  the  CAS):: 


T  ■ 

3: 
Z: 

k^-k^ 

l: 

'k  ' 

+^KIP|SKIP-t 

H)EL  1  DEL-f|DEL  L|  inS  ■ 

T  ■ 

3: 
2: 

m^=32 

l: 

+^KIP|SKIP-t 

H)EL  1  DEL-f|DEL  L|  inS  ■ 

The  Symbolic  Solver  functions  presented  above  produce  solutions  to  rational 
equations  (mainly,  polynomial  equations).  If  the  equation  to  be  solved  for  has 
all  numerical  coefficients,  a  numerical  solution  is  possible  through  the  use  of 
the  Numerical  Solver  features  of  the  calculator. 

Numerical  solver  menu 

The  calculator  provides  a  very  powerful  environment  for  the  solution  of  single 
algebraic  or  transcendental  equations.    To  access  this  environment  we  start 
the  numerical  solver  (NUM.SLV)  by  using  [  r»  )num.slv  .  This  produces  a  drop- 
down menu  that  includes  the  following  options: 


diff  It.. 
3.S*lu<  poly.. 
H. Solus  lin  s])s.. 
5. Solus  financs.. 
S.HSLV 

1    1    1  1 

CflnCLl 

UK 
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Following,  we  present  applications  of  items  3.  Solve  poly..,  5.  Solve  finance, 
and  7.  Solve  equation..,  in  that  order.  Appendix  1-A,  in  the  calculator's 
user's  guide,  contains  instructions  on  how  to  use  input  forms  with  examples  for 
the  numerical  solver  applications.  Item  6.  AlSiV  (Multiple  equation  SoLVer) 

will  be  presented  later  in  page  6-10.  

Notes: 

1 .  Whenever  you  solve  for  a  value  in  the  NUM.SLV  applications,  the  value 
solved  for  will  be  placed  in  the  stack.  This  is  useful  if  you  need  to  keep  that 
value  available  for  other  operations. 

2.  There  will  be  one  or  more  variables  created  whenever  you  activate  some  of 
the  applications  in  the  NUM.SLV  menu. 


Polynomial  Equations 

Using  the  Solve  poly...  option  in  the  calculator's  SOLVE  environment  you  can: 

(1)  find  the  solutions  to  a  polynomial  equation; 

(2)  obtain  the  coefficients  of  the  polynomial  having  a  number  of  given  roots; 
and, 

(3)  obtain  an  algebraic  expression  for  the  polynomial  as  a  function  of  X. 
Finding  the  solutions  to  a  polynomial  equation 

A  polynomial  equation  is  an  equation  of  the  form:  o^x"  +  a„.,x"  '  +  ...+  o,x  + 
Oq  =  0.    For  example,  solve  the  equation:  Ss"  +  2s^  -  s  +  1  =0. 

We  want  to  place  the  coefficients  of  the  equation  in  a  vector:  [3,2,0,-1,1].  To 
solve  for  this  polynomial  equation  using  the  calculator,  try  the  following: 

IjfjMMsiy       <^  lij  -  Select  Solve  poly. . . 

C5D(^  CX]C[3  'C2J<JD  ;  CSJ  Enter  vector  of  coefficients 

C3  !  CZDC^E]  jCDSEESI 

Solve  equation 

The  screen  will  show  the  solution  as  follows: 
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SOLVE  fln  K'-n+..+fll  K+flD? 
C««F'F'ici«n't;  [  on  ..  ol       ] : 
[3.  ,2.  ,0.  ,-1.  ,  1.  ] 

En't<r  r^^tf  *r  pr<ff  SOLVE 


SVME  SOLVE 


Press  to  return  to  stock.  The  stock  will  show  the  following  results  in  ALG 
mode  (the  some  result  would  be  shown  in  RPN  mode): 


Roots:  [(.  432194094623,  ► 


+^KIP|SKIP^  H)EL  I  DEL-f|DEL  L|  inS  ■ 


All  the  solutions  ore  complex  numbers:  (0.432,-0.389),  (0.432,0.389),  (- 
0.766,  0.632),  (-0.766,  -0.632). 

Generating  polynomial  coefficients  given  the  polynomial's  roots 

Suppose  you  wont  to  generate  the  polynomial  whose  roots  are  the  numbers  [1, 
5,  -2,  4].  To  use  the  calculator  for  this  purpose,  follow  these  steps: 

[j^jNumy           " "  Select  Solve  poly . . . 

(jjj  tj.  L_/_J IsLi  L5J  Enter  vector  of  roots 

Solve  for  coefficients 

Press  l^ra)  to  return  to  stock,  the  coefficients  will  be  shown  in  the  stock. 


^^SOLVE  fln  K'-n+..+fll  K+flD^M 
Coefficient!  I  on  ..  al      ] : 

[1. ,5. ,-2. ,4. : 

1 

priff  SOLVE 

EDITI         1  1 

SVME  ISOLVE 

Press        to  trigger  the  line  editor  to  see  all  the  coefficients. 
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Generating  an  algebraic  expression  for  the  polynomial 

You  can  use  the  calculator  to  generate  an  algebraic  expression  for  a 
polynomial  given  the  coefficients  or  the  roots  of  the  polynomial.  The  resulting 
expression  will  be  given  in  terms  of  the  default  CAS  variable  X. 

To  generate  the  algebraic  expression  using  the  coefficients,  try  the  follov/ing 
example.  Assume  that  the  polynomial  coefficients  are  [1,5,-2,4].  Use  the 
follov/ing  keystrokes: 

(^Amai^  ^^B3SS  Select  Solve  poly... 

[JDU  UJdD  ;  cm  Enter  vector  of  coefficients 

CED  ;CX3CEDCj3  ;  (JJ^m 

(^EiSIISi  Generate  symbolic  expression 

[INTER]  Return  to  stack. 

The  expression  thus  generated  is  shown  in  the  stack  as:'X'^3+5*X'^2+-2*X+4' 

To  generate  the  algebraic  expression  using  the  roots,  try  the  following 
example.  Assume  that  the  polynomial  roots  are  [1,3,-2,1].  Use  the  following 
keystrokes: 


[entik) 


rf^NUM.sLv     <::^  mm 


Select  Solve  poly... 
Enter  vector  of  roots 


Generate  symbolic  expression 
Return  to  stack. 


The  expression  thus  generated  is  shown  in  the  stack  as: 


(X-l)*(X-3)*(X-i-2)*(X-l)'. 


To  expand  the  products,  you  can  use  the  EXPAND  command. 


The  resulting  expression  is:  'X'^4-i-3*X'^3-i-  ■3*X'^2+1 1  *X-6'. 
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Financial  calculations 

The  calculations  in  item  5.  Solve  finance.,  in  the  Numerical  Solver  {NUM.SLV) 
are  used  for  calculations  of  time  value  of  money  of  interest  in  the  discipline  of 
engineering  economics  and  other  financial  applications.  This  application  can 
also  be  started  by  using  the  keystroke  combination  I  jj^] finance  (associated  with 
the  [  9  J  key).  Detailed  explanations  of  these  types  of  calculations  are 
presented  in  Chapter  6  of  the  calculator's  user's  guide. 

Solving  equations  with  one  unknown  through  NUM.SLV 

The  calculator's  NUM.SLV  menu  provides  item  J.  Solve  equation.,  solve 
different  types  of  equations  in  a  single  variable,  including  non-linear  algebraic 
and  transcendental  equations.  For  example,  let's  solve  the  equation:  e^- 
sin{jtx/3)  =  0. 

Simply  enter  the  expression  as  an  algebraic  object  and  store  it  into  variable 
EQ.  The  required  keystrokes  in  ALG  mode  are  the  follov/ing: 


{sToi]  [awha]  (c]  [alpha]  (q\  (mh) 


Function  STEQ 

Function  STEQ  v/ill  store  its  argument  into  variable  EQ,  e.g.,  in  ALG  mode: 


STEQ[e^-SIH[^]=0 


HOVRL 


LSTS  CHflni  POLRfl  MESS  MSLVS 


In  RPN  mode,  enter  the  equation  betv/een  apostrophes  and  activate  command 
STEQ.  Thus,  function  STEQ  can  be  used  as  a  shortcut  to  store  an  expression 
into  variable  EQ. 


Press  (.  VAR  J  to  see  the  newly  created  EQ  variable: 
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'^-sih[^]=0Veq 


0 


Then,  enter  the  SOLVE  environment  and  select  Solve  equation...,  by  using: 
[  i->  )im.sLv  SilBS.  The  corresponding  screen  will  be  shown  as: 


EXP<x)-SIH<Tr*x^3)=0 


Entsr  function  alvs 


EDIT  CHOOS 


The  equation  we  stored  in  variable  EQ  is  already  loaded  in  the  Eq  field  in  the 
SOLVE  EQUATION  input  form.  Also,  a  field  labeled  x  is  provided.    To  solve 
the  equation  all  you  need  to  do  is  highlight  the  field  in  front  of  X:  by  using 
and  press  IIEI-Eiil.  The  solution  shown  is  X:  4.5006E-2: 


£OLVE  ECUHTIOn 

El :  EXP  ( X  >  -S I H  ( TJ*xy^  >  =0 


4.500613S5902E-2 


Enttr  ujlm  or  prgjj  SOLVE 


vflRS  inro  SOLVE 


This,  however,  is  not  the  only  possible  solution  for  this  equation.  To  obtain  a 

negative  solution,  for  example,  enter  a  negative  number  in  the  X:  field  before 
solving  the  equation.  Try  CII}CiI]EIIi<^lau:a2i.  The  solution  is  now  X:  - 
3.045. 

Solution  to  simultaneous  equations  with  MSLV 

Function  MSLV  is  available  in  the  [    )mt.sLv  menu.  The  help-facility  entry  for 
function  MSLV  is  shown  next: 
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Non-po 1 ynom ial  multi- 
variate so Iyer 
MSLVt ' [SIHtX>+Y,X+SIHt 
V>=1] ' , ' [X, Y] ' , [0,0]> 
[1.S23S41 12611  -.9631... 
See:  SOLVE 


EXIT   ECHO   f  EEl   £EE2   iZZ3  HHIH 


Notice  that  function  MSLV  requires  three  arguments: 

1 .  A  vector  containing  the  equations,  i.e.,  '[SIN(X)+Y,X+SIN(Y)=1  ]' 

2.  A  vector  containing  the  variables  to  solve  for,  i.e.,  '[X,Y]' 

3.  A  vector  containing  initial  values  for  the  solution,  i.e.,  the  initial  values 
of  both  X  and  Y  are  zero  for  this  example. 


In  ALG  mode,  press  Hiil3  to  copy  the  example  to  the  stack,  press  [inter]  to  run 
the  example.  To  see  all  the  elements  in  the  solution  you  need  to  activate  the 
line  editor  by  pressing  the  dov/n  arrov/  key  ): 


HELP 

MSLV(TSIH(X)+Y  X+SIHm:^ 
{[SIH(X)+Y  X+SIH(Y)=1.] 
4[SIHtX>+Y,X+SIHtY>=l 
[X,Y], 

[1.S23S41 12611, -.9631 


+^KIP  SKIP-H  H)EL   DEL-f  DEL  L  inS  i 


In  RPN  mode,  the  solution  for  this  example  is  produced  by  using: 


3:  [SIH(X)+Y  X+SIH(Y)=1.] 
2:  [X  Y] 

l:  [0.  0.] 


CH^CH  HELP 


Activating  function  MSLV  results  in  the  following  screen. 


4: 

3:  [SIH(X)+Y  X+SIHm=l.] 
2:  [X  Y] 

l:  [1.32334112611  -.96E^ 


CH^CH  HELP 


You  may  have  noticed  that,  while  producing  the  solution,  the  screen  shows 
intermediate  information  on  the  upper  left  corner.  Since  the  solution  provided 
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by  MSLV  is  numerical,  the  information  in  the  upper  left  corner  shows  the 
results  of  the  iterative  process  used  to  obtain  a  solution.   The  final  solution  is  X 
=  1.8238,  Y  = -0.9681. 

Reference 

Additional  information  on  solving  single  and  multiple  equations  is  provided  in 
Chapters  6  and  7  of  the  calculator's  user's  guide. 
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Chapter  7 

Operations  with  lists 

Lists  are  a  type  of  calculator's  object  that  can  be  useful  for  data  processing. 
This  chapter  presents  examples  of  operations  with  lists.  To  get  started  with  the 
examples  in  this  Chapter,  we  use  the  Approximate  mode  (See  Chapter  1). 

Creating  and  storing  lists 

To  create  a  list  in  ALG  mode,  first  enter  the  braces  key  L  *i  JU       ,  then  type  or 

enter  the  elements  of  the  list,  separating  them  with  commas  (QlD  )■  The 

following  keystrokes  will  enter  the  list  {1  .,2. ,3. ,4.}  and  store  it  into  variable  LI . 

GDi^  CZDGD   !  (JJdJ  CZD  ;  UDCD  C3  j  ODGD 

(^(TO>][AW4](i]rn[a^ 


Entering  the  same  list  in  RPN  mode  requires  the  following  keystrokes: 

Operations  with  lists  of  numbers 

To  demonstrate  operations  with  lists  of  numbers  enter  and  store  the  following 
lists  in  the  corresponding  variables. 

L2  =  {-3.,2.,1  .,5.}  L3  =  {-6.,5.,3.,1  .,0.,3.,-4.}  L4  =  {3.,-2.,l  .,5.,3.,2.,1 .} 
Changing  sign 

The  sign-change  key  ([  +/-  J ) ,  when  applied  to  a  list  of  numbers,  will  change 
the  sign  of  all  elements  in  the  list.  For  example: 


LI 

a.  2.  3.  4.} 

-LI 

{-1.  -2.  -3.  -4.} 
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Addition,  subtraction,  multiplication,  division 

Multiplication  and  division  of  a  list  by  a  single  number  is  distributed  across  the 
list,  for  example: 


:  L-1 

L-1. 

:-5. 

L2 

as. 

-10.  -S. 

-2S.> 

.LI 

■5. 

{.2.4 

.6.3} 

Subtraction  of  a  single  number  from  a  list  will  subtract  tfie  same  number  from 
eacfi  element  in  tfie  list,  for  example: 


L2 

L2-10 


{-3.  2.  1.  5.} 
i-13.  -3.  -9.  -S.} 


Addition  of  a  single  number  to  a  list  produces  a  list  augmented  by  the  number, 
and  not  an  addition  of  the  single  number  to  each  element  in  the  list.  For 
example: 


:L1 

a. 

2. 

3. 

4.} 

:Ll+6. 

a.  2. 

3. 

4. 

6.} 

Subtraction,  multiplication,  and  division  of  lists  of  numbers  of  the  same  length 
produce  a  list  of  the  same  length  with  term-by-term  operations.  Examples: 


:L1-L2 

{4. 

0. 

2. 

-1.) 

:L1.L2 

{-3. 

4. 

3. 

20.) 

Ll-L^ 

L1.L2 

Li 
L2 


{4.  0.  2.  -l.J 
{-3.  4.  3.  20.} 


20 . }     {- . 333333333333  1.3. 


The  division  L4/L3  will  produce  an  infinity  entry  because  one  of  the  elements 
in  L3  is  zero,  and  an  error  message  is  returned. 
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Note:  If  we  had  entered  the  elements  in  lists  L4  and  L3  as  integers,  the  infinite 
symbol  would  be  shown  whenever  a  division  by  zero  occurs.  To  produce  the 
following  result  you  need  to  re-enter  the  lists  as  integer  (remove  decimal 
points)  using  Exact  mode]  


■  kl 
■L3 

r-1  -2  1  £  -11 
T  "5"  3  ^  *  3  X 


If  the  lists  involved  in  the  operation  have  different  lengths,  an  error  message 
(Invalid  Dimensions)  is  produced.  Try,  for  example,  L1-L4. 

The  plus  sign  (L+J),  when  applied  to  lists,  acts  a  concatenation  operator, 
putting  together  the  two  lists,  rather  than  adding  them  term-by-term.  For 
example: 

:L1-i-L2 

a.  2.  3.  4.  -3.  2.  1.  5.} 


In  order  to  produce  term-by-term  addition  of  two  lists  of  the  same  length,  we 
need  to  use  operator  ADD.  This  operator  can  be  loaded  by  using  the  function 
catalog  (Ij^l  cat  ).  The  screen  below  shows  an  application  of  ADD  to  add 
lists  LI  and  L2,  term-by-term: 

:L1  add  L2 

{-2.  4.  4.  9.} 


Functions  applied  to  lists 

Real  number  functions  from  the  keyboard  (ABS,  e'',  LN,  lO'',  LOG,  SIN,  x^,  V, 
COS,  TAN,  ASIN,  ACOS,  ATAN,  y'')  as  well  as  those  from  the 
MTH/HYPERBOLIC  menu  (SINH,  COSH,  TANH,  ASINH,  ACOSH,  ATANH), 
and  MTH/REAL  menu  (%,  etc.),  can  be  applied  to  lists,  e.g.. 
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ABS 


IL2I 


{-3.  2.  1.  5.} 
{3.  2.  1.  5.} 


INVERSE  (1/x) 


IHV(Ll) 
Kl.  .5  .333333333333  .2H 


Lists  of  complex  numbers 

You  can  create  a  complex  number  list,  say,  L5  =  LI  ADD  i*L2  (type  the 
instruction  as  indicated  before),  as  follows: 


:L1  i  L2  RDD  * 
{l.+i-3.  2.+i'2.  3.+i  4> 
:RHS(1)^L5 

(l.+i— 3.  2.+i'2.  3.+i  4> 


Functions  sucfi  as  LN,  EXP,  SQ,  etc.,  can  also  be  applied  to  a  list  of  complex 
numbers,  e.g.. 


SQ(L5) 

^SQ(l.+i-3.)  SQ(£.+i.2.)  H 
{g  ■ 44261527445, -1 ■ S39> 


L5 

e 

l.+i-3.    2.+i-2.  3.+ 

e  e  e 

LH(L5) 

kLH(l.+i-3.)  LH(2.+i.2.)  H 


Lists  of  algebraic  objects 

The  following  are  examples  of  lists  of  algebraic  objects  with  the  function  SIN 
applied  to  them  (select  Exact  mode  for  these  examples  -  See  Chapter  1 ): 


iSIHtRHSd)) 

SIh[^]  SIH(o:-p)  SIH 


The  MTH/LIST  menu 

The  MTH  menu  provides  a  number  of  functions  that  exclusively  to  lists.  With 
system  flag  1 1 7  set  to  CHOOSE  boxes,  the  MTH/LIST  menu  offers  the 
following  functions: 
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HHTH  HEnU 

1.  VECTOR..  1 

2.  HATRIK.. 

3.  LIST.. 

H.HYPEREOLIC. 
5.  REAL.. 
e.EASE.. 

1       1       1  IcflncL 

OK 

LIST  HERU 


a.ELIST 

3.m.IST 

H.SORT 

5.REVLIST 

e.ADD 


With  system  flag  1 1 7  set  to  SOFT  menus,  the  MTH/LIST  menu  shows  the 
following  functions: 


iLIST  ELIST  m.IST  SORT  REVLI  ADD 


The  operation  of  the  MTH/LIST  menu  is  as  follows: 


Calculate  increment  among  consecutive  elements  in  list 
Calculate  summation  of  elements  in  the  list 
Calculate  product  of  elements  in  the  list 
Sorts  elements  in  increasing  order 
Reverses  order  of  list 

Operator  for  term-by-term  addition  of  two  lists  of  the  same  length 


ALIST 
ELIST 
nUST 
SORT 
REVLIST 
ADD 

(examples  of  this  operator  were  shown  above) 

Examples  of  application  of  these  functions  in  ALG  mode  are  shown  next: 


L3 

5.  3.  1.  0.  3.  -4.^1 
^LIST(L3) 
{11.  -2.  -2.  -1.  3.  -7.}| 


aLIST  ELIST  ULIST  SORT  REVLI  ADD 


L3 

5.  3.  1.  0.  3.  -4.^1 
S0RT(L3) 
{-6.  -4.  0.  1.  3.  3.  5.}| 


aLIST  ELIST  ULIST  SORT  REVLI  ADD 


5.  3.  1.  0 

:SLIST(L3) 

.  3. 

-4.) 
2. 

iLIST  ELIST  m.IST  SORT 

REVLI 

ADD 

5.  3.  1.  0 

:REVLIST(L3) 
{-4.  3.  0.  1.  3 

.  3. 

.  5. 

-4.) 
-6.) 

iLIST|ELIST|m.IST|  SORT 

IREVLI 

ADD 

SORT  and  REVLIST  can  be  combined  to  sort  a  list  in  decreasing  order: 
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{-6.  5.  3.  1.  0.  3.  -4.} 

:REVLISTtS0RT(L3)) 
{5.  3.  3.  1.  0.  -4.  -6.} 


aLI£T|£LI£T|IILI£T|  £ORT  IREVLII  HDD 


The  SEQ  function 

The  SEQ  function,  available  through  the  command  catalog  (Ij^l  cat^  ),  takes 
as  arguments  an  expression  in  terms  of  an  index,  the  name  of  the  index,  and 
starting,  ending,  and  increment  values  for  the  index,  and  returns  a  list 
consisting  of  the  evaluation  of  the  expression  for  all  possible  values  of  the 
index.  The  general  form  of  the  function  is 


SEQ(express/on,  index,  start,  end,  increment) 


For  example: 


SEQ(n^",n,l.,4.  .1.) 

{1.  4.  9.  16.} 


SORT  SE4 


The  list  produced  corresponds  to  the  values  {1  ^,  2^,  3^,  4^}. 


The  MAP  function 

The  MAP  function,  available  through  the  command  catalog  ([.  r>  J  cat  ),  takes 
as  arguments  a  list  of  numbers  and  a  function  f(X),  and  produces  a  list 
consisting  of  the  application  of  function  f  or  the  program  to  the  list  of  numbers. 
For  example,  the  follov/ing  call  to  function  MAP  applies  the  function  SIN(X)  to 
the  list  {1 ,2,3}:   


MRPKl  2  3}.SIHtX)) 

{SIHdi  SIH(£)  SIH(3)} 


CflSCM  HELP 


Reference 

For  additional  references,  examples,  and  applications  of  lists  see  Chapter  8  in 
the  calculator's  user's  guide. 
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Chapter  8 
Vectors 

This  Chapter  provides  examples  of  entering  and  operating  with  vectors,  both 
mathematical  vectors  of  many  elements,  as  well  as  physical  vectors  of  2  and  3 
components. 


Entering  vectors 

in  the  calculator,  vectors  are  represented  by  a  sequence  of  numbers  enclosed 
between  brackets,  and  typically  entered  as  row  vectors.  The  brackets  are 

generated  in  the  calculator  by  the  keystroke  combination  (.  *i  J(j   , 

associated  with  the  L  x  J  key.  The  following  are  examples  of  vectors  in  the 
calculator: 


L  3  „  -I  ;i  2 .  2  J  —  1 .  3  5  15  „  6  ;i  2  „  -I  J    A  general  row  vector 

i:i„5:,-2.2:i  A  2-D  vector 

i:  3 :,  - 1 ,  2  :i  A  3-D  vector 

i: ' t '  :,  '  V-2  ','31 N  <.  t  ■>'■]  A  vector  of  algebraics 


Typing  vectors  in  the  stack 

With  the  calculator  in  ALG  mode,  a  vector  is  typed  into  the  stack  by  opening 

a  set  of  brackets  {[JjJtJ.  )  and  typing  the  components  or  elements  of  the 

vector  separated  by  commas  ((.    J  ; ).  The  screen  shots  below  show  the 

entering  of  a  numerical  vector  followed  by  an  algebraic  vector.  The  figure  to 
the  left  shows  the  algebraic  vector  before  pressing  Qntek]  .  The  figure  to  the  right 
shows  the  calculator's  screen  after  entering  the  algebraic  vector: 


:  [5  3  -1  2  4] 

[5  3-1  2  4] 
[t-^2,s-2*t,-J"a-3>] 

:  [5  3  -1  2  4] 

[5  3-1  2  4] 
:[t^  s-2-t  -Jt-s] 

[t^  s-2't  -it -3 . 

In  RPN  mode,  you  can  enter  a  vector  in  the  stack  by  opening  a  set  of  brackets 
and  typing  the  vector  components  or  elements  separated  by  either  commas 
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(QiD  )  or  spaces  (Li^).  Notice  that  after  pressing  (fiyresj  ,  in  either  mode, 

the  calculator  shows  the  vector  elements  separated  by  spaces. 

Storing  vectors  into  variables  in  the  stack 

Vectors  can  be  stored  into  variables.  The  screen  shots  below  show  the  vectors 


Zj,  U3  =  L- 


.  J  ,  V2  =  L  .i  5  ■-■  i  -i ,  V3 


Stored  into  variables  SErSS,  SEISS,  SEIEIS,  and  IB3S,  respectively.  First,  in  ALG 
mode: 


:[1  2>u2 

[1  2] 

:[-3  2  -2]fru3 

[-3  2  -2] 

[-3  2  -2]fru3 
[3  -il^w2 
[1  -5  2]fry3 


Then,  in  RPN  mode  (before  pressing  {jmtj,  repeatedly): 


6: 
5: 
4: 
3: 
2: 
l: 


5: 

[1  2] 
'u2 

[-3  2  -23  £ 


'u3 


l: 


nr2] 

[-3  2  -2] 
[3  -1] 
[1  -5  2] 


[3 -U 
'y2' 
[1  -5  23 
'y3' 


Note:  The  apostrophes  (')  are  not  needed  ordinarily  in  entering  the  names  u2, 
v2,  etc.  in  RPN  mode.  In  this  case,  they  are  used  to  overwrite  the  existing 
variables  created  earlier  in  ALG  mode.  Thus,  the  apostrophes  must  be  used  if 
the  existing  variables  are  not  purged  previously. 


Using  the  Matrix  Writer  (MTRW)  to  enter  vectors 

Vectors  can  also  be  entered  by  using  the  Matrix  Writer  [  <n  Jmtrw  (third  key  in 
the  fourth  row  of  keys  from  the  top  of  the  keyboard).  This  command  generates 
a  species  of  spreadsheet  corresponding  to  rows  and  columns  of  a  matrix 
(Details  on  using  the  Matrix  Writer  to  enter  matrices  will  be  presented  in 
Chapter  9).  For  a  vector  we  are  interested  in  filling  only  elements  in  the  top 
row.  By  default,  the  cell  in  the  top  row  and  first  column  is  selected.  At  the 
bottom  of  the  spreadsheet  you  will  find  the  following  soft  menu  keys: 
ujjijui  lUjaB  <^j:3^  iuo-^m  uu4- 
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The  IHIHil  key  is  used  to  edit  the  contents  of  a  selected  cell  in  the 
Matrix  Writer. 

The  eSIIsII  key,  when  selected,  will  produce  a  vector,  as  opposed  to  a 
matrix  of  one  row  and  many  columns. 

The  <-]Iiil  key  is  used  to  decrease  the  width  of  the  columns  in  the 
spreadsheet.  Press  this  key  a  couple  of  times  to  see  the  column  width 
decrease  in  your  Matrix  Writer. 

The  1333^  key  is  used  to  increase  the  width  of  the  columns  in  the 
spreadsheet.  Press  this  key  a  couple  of  times  to  see  the  column  width 
increase  in  your  Matrix  Writer. 

The  lEEi^H  key,  when  selected,  automatically  selects  the  next  cell  to 

the  right  of  the  current  cell  when  you  press  (wth).  This  option  is 
selected  by  default.  This  option,  if  desired,  needs  to  be  selected 
before  entering  elements. 

The  HiU  key,  when  selected,  automatically  selects  the  next  cell  below 
the  current  cell  when  you  press  This  option,  if  desired,  needs  to 

be  selected  before  entering  elements. 


Moving  to  the  right  vs.  moving  down  in  the  Matrix  Writer 

Activate  the  Matrix  Writer  and  enter  (.  3  JL£iv7-«jCTllfw?«jr2~)lfAm«j(w7a]  with  the 
IliillLl^B  key  selected  (default).  Next,  enter  the  same  sequence  of  numbers  with 
the  IGEiH  key  selected  to  see  the  difference.  In  the  first  case  you  entered  o 
vector  of  three  elements.  In  the  second  case  you  entered  a  matrix  of  three 
rows  and  one  column. 


Activate  the  Matrix  Writer  again  by  using  (JjjMTm_  ^  and  press  [nxjJ  to  check 
out  the  second  soft  key  menu  at  the  bottom  of  the  display,  it  will  show  the 
keys: 

!3SZ!3S  EESES  I^IEIS 
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The  lialMJi  key  will  add  a  row  full  of  zeros  at  the  location  of  the 
selected  cell  of  the  spreadsheet. 

The  EEal]  key  will  delete  the  row  corresponding  to  the  selected  cell  of 
the  spreadsheet. 

The  SIslIal  key  will  add  a  column  full  of  zeros  at  the  location  of  the 
selected  cell  of  the  spreadsheet. 

The  BSSS  key  will  delete  the  column  corresponding  to  the  selected 
cell  of  the  spreadsheet. 

The  i^Sjlilili  key  will  place  the  contents  of  the  selected  cell  on  the  stack. 

The  key,  when  pressed,  will  request  that  the  user  indicate  the 

number  of  the  row  and  column  where  he  or  she  wants  to  position  the 


The  function  Eilliin  will  delete  the  contents  of  the  selected  cell  and 
replace  it  with  a  zero. 

To  see  these  keys  in  action  try  the  following  exercise: 

(1)  Activate  the  Matrix  Writer  by  using  [  <n  jimv. .   Make  sure  the  tS^m  and 


cursor. 


once  more  produces  the  last  menu,  which  contains  only  one 


function  iiiliili  (delete). 


yillLl^B  keys  are  selected. 


(2)  Enter  the  following: 


[nxtJ 


[  7  )lENTER}C8~}[lNTBt}C9~}lEffrER) 
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(3)  Move  the  cursor  up  two  positions  by  using  /^/^ .   Then  press 
The  second  row  will  disappear. 

(4)  Press  lEIIullIS.  A  row  of  three  zeroes  appears  in  the  second  row. 

(5)  Press  The  first  column  will  disappear. 

(6)  Press  lEISnS.  A  column  of  two  zeroes  appears  in  the  first  column. 

(7)  Press  jyiyi^i  [  3  )MM  (.  3  JiEEil  SESli  to  move  to  position  (3,3). 

(8)  Press  I->!m!1I.  This  will  place  the  contents  of  cell  (3,3)  on  the  stack, 
although  you  will  not  be  able  to  see  it  yet.  Press  to  return  to  normal 
display.  The  number  9,  element  (3,3),  and  the  full  matrix  entered  will  be 
available  in  the  stack. 


Simple  operations  with  vectors 

To  illustrate  operations  with  vectors  we  will  use  the  vectors  u2,  u3,  v2,  and  v3, 
stored  in  an  earlier  exercise.  Also,  store  vector  A=[-l  ,-2,-3,-4,-5]  to  be  used  in 
the  following  exercises. 

Changing  sign 

To  change  the  sign  of  a  vector  use  the  key  I  +/-  J ,  e.g.. 


-L2  3  5] 
-fl 


[-2  -3  -5] 
[-1  5  -2] 
[1  2  3  4  5] 


Addition,  subtraction 

Addition  and  subtraction  of  vectors  require  that  the  two  vector  operands  have 
the  same  length: 
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u2+y2 
u3+y3 
R+R 


[4  1] 
[-2  -3  0] 
[-2  -4  -6  -S  -10] 


Attempting  to  add  or  subtract  vectors  of  different  length  produces  an  error 
message: 


y2+y3 

" I nya lid  D  i  mens  i  on " 
u3+u2 

" I nya lid  D  i  mens  i  on " 
R+y3 

" I nya lid  D  i  mens  i  on " 


Multiplication  by  a  scalar,  and  division  by  a  scalar 

Multiplication  by  a  scalar  or  division  by  a  scalar  is  straightforv/ard: 


[9  -3] 
[15  -10  10] 
[-16  10] 


u3 
2 


^1-1 
2   '■  '■ 


Absolute  value  function 

The  absolute  value  function  (ABS),  v/hen  applied  to  a  vector,  produces  the 
magnitude  of  the  vector.  For  example:  RES  '■.  L  1  j  ~2  j  &  j  y ,  riBS  \f\> , 
RBSO..jB!s,  will  shov/  in  the  screen  as  follov/s: 


:|[1  -2  6]l 
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The  MTH/VEaOR  menu 

The  MTH  menu  (I  *i  )mth  )  contains  a  menu  of  functions  tfiat  specifically  to 
vector  objects: 


HATH  HEnU 

1.  VECTOR..  1 

2.  HATRIK.. 

3.  LIST.. 
H.HYPEREOLIC. 
5.  REAL.. 
S.EASE.. 

1    1  1 

ICAnCL 

OH 

The  VECTOR  menu  contains  the  following  functions  (system  flag  1  1 7  set  to 
CHOOSE  boxes): 


VECTOR  HERU 

l.AES  1 

2.  DOT 

3. CROSS 

H.V-f 

C.-tV3  1 

1         1         1  ICAnCL 

OH 

VECTOR  HERU 

5.-tV2  1 
S.-tV3 

S.CVLin  K 

S^FJHER^^^^^^^^ 

1         1  1 

ICARCL 

OH 

Magnitude 

The  magnitude  of  a  vector,  as  discussed  earlier,  can  be  found  v^ith  function 
ABS.  This  function  is  also  available  from  the  keyboard  (I  <~i  J^sj   ).  Examples 
of  application  of  function  ABS  were  shown  above. 

Dot  product 

Function  DOT  (option  2  in  CHOOSE  box  above)  is  used  to  calculate  the  dot 
product  of  two  vectors  of  the  same  length.  Some  examples  of  application  of 
function  DOT,  using  the  vectors  A,  u2,  u3,  v2,  and  v3,  stored  earlier,  are 
shown  next  in  ALG  mode.  Attempts  to  calculate  the  dot  product  of  two  vectors 
of  different  length  produce  an  error  message: 


DOT(R,R) 

D0T(u2,y2) 

D0T(y3,u3) 


55 
1 

-17 


D0T(u2,u3) 

"Inyalicd  Dimension" 
D0T(R,y3) 

"Inyalicd  Dimension" 
D0T(y2,u3) 

"Inyalicd  Dimension" 
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Cross  product 

Function  CROSS  (option  3  in  the  MTH/VECTOR  menu)  is  used  to  calculate  the 
cross  product  of  two  2-D  vectors,  of  two  3-D  vectors,  or  of  one  2-D  and  one  3- 
D  vector.  For  the  purpose  of  calculating  a  cross  product,  a  2-D  vector  of  the 
form  [A„  Ay],  is  treated  as  the  3-D  vector  [A„  Ay,0].  Examples  in  ALG  mode 
are  shown  next  for  two  2-D  and  two  3-D  vectors.  Notice  that  the  cross 
product  of  two  2-D  vectors  will  produce  a  vector  in  the  z-direction  only,  i.e.,  a 
vector  of  the  form  [0,  0,  C^] : 


CR0SS(u2,y£) 

[0  0  -7] 

CR0SS(u2,[2  -3]) 

[0  0  -7:^ 
CR0SS([1.5  -2],y2) 

[0  0  4.5] 


:CR0SS(u3,y3) 
CR0SS(u3,u3) 


[-6  4  13] 


[0  0  0:^ 
CROSSCl  3  -5],[1  2  3]) 

LIS  -s  -n 


Examples  of  cross  products  of  one  3-D  vector  with  one  2-D  vector,  or  vice 
versa,  are  presented  next; 


CR0SS(u3,y2) 

[-2  -6  -3] 

CR0SS(y2,y3) 

[-2  -6-14] 
CROSSCl  2  3],[5  -6]) 

[13  15  -16] 


Attempts  to  calculate  a  cross  product  of  vectors  of  length  other  than  2  or  3, 
produce  an  error  message:  


CR0SS(y3,R) 

" I nya lid  D  i  mens  i  on " 
CROSSCl  2  3  4],y3) 

" I nya lid  D i mens  i  on " 
CR0SS(R,y2) 

" I nya lid  D  i  mens  i  on " 


Reference 

Additional  information  on  operations  with  vectors,  including  applications  in 
the  physical  sciences,  is  presented  in  Chapter  9  of  the  calculator's  user's 
guide. 
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Chapter  9 

Matrices  and  linear  algebra 

This  chapter  shows  examples  of  creating  matrices  and  operations  with 
matrices,  including  linear  algebra  applications. 

Entering  matrices  in  the  stack 

In  this  section  we  present  two  different  methods  to  enter  matrices  in  the 
calculator  stack:  (1)  using  the  Matrix  Writer,  and  (2)  typing  the  matrix  directly 
into  the  stack. 

Using  the  Matrix  Writer 

As  with  the  case  of  vectors,  discussed  in  Chapter  8,  matrices  can  be  entered 
into  the  stack  by  using  the  Matrix  Writer.  For  example,  to  enter  the  matrix: 

"-2.5     4.2  2.0" 
0.3      1.9     2.8  , 
2      -0.1  0.5_ 

first,  start  the  Matrix  Writer  by  using  [  <n  j^Tnw  .  Make  sure  that  the  option 
ll£EI->B  is  selected.  Then  use  the  following  keystrokes: 

At  this  point,  the  Matrix  Writer  screen  may  look  like  this: 


EDIT  I  VEC  ■!         I  HID-»|  QO* 
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Press  (fwre?J  once  more  to  place  the  matrix  on  the  stock.  The  ALG  mode  stack  is 
shown  next,  before  and  after  pressing  ,  once  more: 


If  you  have  selected  the  textbook  display  option  (using  (^w)iSa3l  and  checking 
off  ^Textbook),  the  matrix  will  look  like  the  one  shown  above.  Otherwise, 
the  display  will  show: 


[[-2.5,' 
[.3,  1.* 
[2,-.l 

[[-2.5,' 
[.3,  1.* 
[2,-.l 

^.2,2] 
3,2.3] 

.5]] 
^.2,2] 
3,2.3] 

.5]] 

The  display  in  RPN  mode  will  look  very  similar  to  these. 
Typing  in  the  matrix  directly  into  the  stack 

The  same  result  as  above  can  be  achieved  by  entering  the  following  directly 
into  the  stock: 

  CXDCZDCZDS  (sD  ?  QJCZDCX)   ;  CX3  CD 

CS  ' 

CDC3J  CS  !  OJCDCn  (S  ;  ODCZ^CS  CD 

CZD  ' 

CZD  C3  !  CDCDCi]  CHD  !  CDCID 

Thus,  to  enter  a  matrix  directly  into  the  stack  open  a  set  of  brackets  (I  *i  J(j  ) 

and  enclose  each  row  of  the  matrix  with  an  additional  set  of  brackets 

([  <n  J(j  ).  Commas  (L  r»  J  ;  (.  •  J)  should  separate  the  elements  of  each 

row,  as  well  as  the  brackets  between  rows. 

For  future  exercises,  let's  save  this  matrix  under  the  name  A.  In  ALG  mode 

use  Isto>-}[alpha)(a)  .  In  RPN  mode,  use  CID(^^(3  1™>J . 
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Operations  with  matrices 

Matrices,  like  other  mathematical  objects,  can  be  added  and  subtracted. 
They  con  be  multiplied  by  a  scalar,  or  among  themselves.  An  important 
operation  for  linear  algebra  applications  is  the  inverse  of  a  matrix.  Details  of 
these  operations  are  presented  next. 

To  illustrate  the  operations  v^e  will  create  a  number  of  matrices  that  v^e  will 
store  in  the  following  variables.  Here  are  the  matrices  A22,  B22,  A23,  B23, 
A33  and  B33  (The  random  matrices  in  your  calculator  may  be  differents): 


r?  -s-i 

l-s  s  J 

-n 

[-%  5 1] 

3J)^Ra3 

10  H  -HI 

U  -6  -Si 

In  RPN  mode,  the  steps  to  follow  are: 


.;■  [ENTER) 

y  [enter) 
}  [enter) 

}  [ENTER] 


RRNM 


'  f\2.2.  ■  [enter) [sto*) 
nZ3  '  {ENm){]W} 
n32. '  [enter)Istc») 


[enter) 
[enter) 
[enter) 

[ENTBf] 


'  B£2  ■ 

I  r"r"i'"'i  I 


[enter)[st(») 
[enter)[stc») 
[enter)[stc») 
[enter)  [sto  j 


Addition  and  subtraction 

Four  examples  are  shown  below  using  the  matrices  stored  above  (ALG  mode). 


:Aa2+Ra2 

r-i  -31 

l-s  101 

:Aa2-eaa 

f-15  S  1 
I  S  -61 

Aa?+Ra? 
fla3-Ea3 


H  -a  -3J 


^S  10  11 

s  a  s  1 

-S  10  13J 
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In  RPN  mode,  try  the  following  eight  examples: 


Ri;:!i::L  [cnter)  BPSIm^L+J 
f\2.3  [enter)  B23tf?™)L+J 
[enter}  G32t£MH)L+J 


Ri-::!!::!  (h™)  BiiiiiiiitH^JL^iJ 

RiiiiB  [fNrfflJ  S'Z3(enter][_—J 

n32'.  [enter)  Pt32.[ENTER]l^--J 

R33  [enter)  S33[ENTER)[  —  J 


Multiplication 

There  are  different  multiplication  operations  that  involve  matrices.  These  are 
described  next.  The  examples  are  shov/n  in  algebraic  mode. 

Multiplication  by  a  scalar 

Some  examples  of  multiplication  of  a  matrix  by  a  scalar  are  shown  below. 


Matrix-vector  multiplication 

Matrix-vector  multiplication  is  possible  only  if  the  number  of  columns  of  the 
matrix  is  equal  to  the  length  of  the  vector.  A  couple  of  examples  of  matrix- 
vector  multiplication  follow: 


1-7  s  aJ 


HI? 
H  -5  ? 

?  s  a 

HnsdJ.ci  a  -3: 
 c-as  -35  -1] 


:e3a 

10  3 

5  -s 

l-H  -jj 

:flns(i).ci  -a: 

c-e  17  21 

Vector-matrix  multiplication,  on  the  other  hand,  is  not  defined.  This 
multiplication  can  be  performed,  however,  as  a  special  case  of  matrix 
multiplication  as  defined  next. 
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Matrix  multiplication 

Matrix  multiplication  is  defined  by  C^xn  =  An,xp  Bpxn.  Notice  that  matrix 
multiplication  is  only  possible  if  tfie  number  of  columns  in  tfie  first  operand  is 
equal  to  tfie  number  of  rows  of  tfie  second  operand.   Tfie  general  term  in  tfie 
product,  C|j,  is  defined  as 


p 

=S«ft  -b^,  fori  =  1,2,..., m;j  =  1,2,..., n. 

i(=i 


Matrix  multiplication  is  not  commutative,  i.e.,  in  general,  A-B  ^  B-A. 
Furthermore,  one  of  the  multiplications  may  not  even  exist.  The  follov/ing 
screen  shots  show  the  results  of  multiplications  of  the  matrices  that  we  stored 
earlier: 


Term-by-term  multiplication 

Term-by-term  multiplication  of  two  matrices  of  the  same  dimensions  is  possible 
through  the  use  of  function  HADAMARD.  The  result  is,  of  course,  another 
matrix  of  the  same  dimensions.  This  function  is  available  through  Function 
catalog  (C3-«z;  ),  or  through  the  MATRICES/OPERATIONS  sub-menu 
[[jT) MATRICES ).  Applications  of  function  HADAMARD  are  presented  next: 


-3 

IS] 

-HO 

H2 

1-35 

-S 

S  J 

[ 

-5S 
0 

0  1 
161 

:HADAHARD(e32jA32) 

-IS] 

-H2 

130 

0  J 

:HADAHARD(e23,A23) 

r  0  2H 

-aoi 

l-ia  -an 

-HOI 
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The  identity  matrix 

The  identity  matrix  has  the  property  that  A-l  =  l  A  =  A.  To  verify  this  property 
we  present  the  following  examples  using  the  matrices  stored  earlier  on.  Use 
function  IDN  (find  it  in  the  MTH/MATRIX/MAKE  menu)  to  generate  the 
identity  matrix  as  shown  here: 


IS  01 

lo  21 

IS  0] 
lo  3\ 

IS  01 

lo 

The  inverse  matrix 

The  inverse  of  a  square  matrix  A  is  the  matrix  A'^  such  that  A  A'^  =  A^  A  =  I, 

where  I  is  the  identity  matrix  of  the  some  dimensions  as  A.  The  inverse  of  a 
matrix  is  obtained  in  the  calculator  by  using  the  inverse  function,  INV  (i.e.,  the 
[    J  key).  Examples  of  the  inverse  of  some  of  the  matrices  stored  earlier  are 
presented  next: 


■■I\\v^.^^l^^ 

To  verify  the  properties  of  the  inverse  matrix,  we  present  the  following 
multiplications: 


X 

10  1  01 

Lo  0  iJ 

ri  01 
Lo  iJ 

ri  01 
lo  iJ 
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characterizing  a  matrix  (The  matrix  NORM  menu) 

The  matrix  NORM  (NORMALIZE)  menu  is  accessed  through  the  keystroke 
sequence  (.    J ('^^^    .  This  menu  is  described  in  detail  in  Chapter  10  of  the 
calculator's  user's  guide.  Some  of  these  functions  are  described  next. 

Function  DET 

Function  DET  calculates  the  determinant  of  a  square  matrix.  For  example, 


DET(E33) 
DET(R33) 


-246 
-498 


DET(E22) 
DET(R22) 


-8 
-16 


Function  TRACE 

Function  TRACE  calculates  the  trace  of  square  matrix,  defined  as  the  sum  of 
the  elements  in  its  main  diagonal,  or 


rr(A)  =  |]a„. 


Examples: 


TRRCE(R22) 
TRRCE(E22) 


-6 
15 


TRRCE(R33) 
TRRCE(E33) 


4 
-7 


Solution  of  linear  systems 

A  system  of  n  linear  equations  in  m  variables  can  be  written  as 

Oii-xi    +ai2-X2   +ai3-X3   +  ...+  ai,^.rx  ^.1  +  ai,^-x  ^  =  bi, 

Oji-xi    +  a22-X2   +a23-X3   +  ...+  a2,^-rx  +  a2,,,-x  ^  =  b2, 

03, -x,    +a32-X2    +a33-X3    +  ...+  a3,^.,-x  +a3,^-x^  =b3, 

dn-lJ'Xl  +  CIn.i  2'X2  +  Cln-1,3-X3  +  ...+  O^.i  ^^.i-X  +  Cln-l,m'X  m  =  bn-1/ 

QnrXl+    Cln2'X2    +    Cln3-X3     +  ...+      Op       -X  ^.i  +    Op  n,-X  „  =  ^n- 
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This  system  of  linear  equations  can  be  written  as  a  matrix  equation,  A^^m'^mx] 
=  bnxi,  if  we  define  tfie  following  matrix  and  vectors: 


«12  • 

~K 

A  = 

^22 

•  «2™ 

,  X  = 

X2 

1 

h  = 

««2  • 

Using  the  numerical  solver  for  linear  systems 

Tfiere  are  many  ways  to  solve  a  system  of  linear  equations  witfi  tfie  calculator. 
One  possibility  is  tfirough  the  numerical  solver  [~r»l/w.5ii^ .    From  the  numerical 
solver  screen,  shown  below  (left),  select  the  option  4.  Solve  I'm  sys..,  and 
press  lluHII.  The  following  input  form  will  be  provide  (right): 


S.MSLV 


CflnCL  OK 


EDIT  CHOOS 


To  solve  the  linear  system  A-x  =  b,  enter  the  matrix  A,  in  the  format  [[  a^, 
□  12,  ■■■  ],  •■•  [■■■■]]  in  the  A:  field.  Also,  enter  the  vector  b  in  the  B:  field. 
When  the  X:  field  is  highlighted,  press  ll5lfflH.  If  a  solution  is  available,  the 
solution  vector  x  will  be  shown  in  the  X:  field.  The  solution  is  also  copied  to 
stack  level  1 .  Some  examples  follow. 


The  system  of  linear  equations 

2x,  +  3x2  -5x3  =  1  3, 
Xi  -  3x2  +  8x3  =  -1  3, 
2xi  -  2x2  +       =  "6, 


can  be  written  as  the  matrix  equation  A-x  =  b,  if 
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2 

3 

-5 

Xi 

13 

A  = 

1 

-3 

8 

,    x  = 

Xj 

,    and  b 

-13 

2 

-2 

4 

3. 

-6 

This  system  has  the  same  number  of  equations  as  of  unknowns,  and  will  be 
referred  to  as  a  square  system.  In  general,  there  should  be  a  unique  solution 
to  the  system.  The  solution  will  be  the  point  of  intersection  of  the  three  planes 
in  the  coordinate  system  (x,,  X2,  X3)  represented  by  the  three  equations. 


To  enter  matrix  A  you  can  activate  the  Matrix  Writer  while  the  A:  field  is 
selected.  The  following  screen  shows  the  Matrix  Writer  used  for  entering 
matrix  A,  as  well  as  the  input  form  for  the  numerical  solver  after  entering 
matrix  A  (press  (wh)  in  the  Matrix  Writer): 


1. 
2. 


-3. 
-2. 


S. 
4. 


EDIT   VEC  ■  +4IID  HIDh 


Enttr  cosfficisntj  Matrix  fl 


EDIT  CHDDS 


Press       to  select  the  B:  field.  The  vector  b  can  be  entered  as  a  row  vector 
with  a  single  set  of  brackets,  i.e.,  L 1!:      :.  ?  .  ■::  ':  ::::T::'::'  . 
After  entering  matrix  A  and  vector  b,  and  with  the  X:  field  highlighted,  we  can 
press  ^["131  to  attempt  a  solution  to  this  system  of  equations: 


SOLVE  SYSTEM  fl-K=D 

[[2. ,3. ,-5.]  [1.,- 
C13. ,-13. ,6. ] 


Enttr  jolutionj  or  prtjj  SOLVE 


EDIT  CHOOS 


A  solution  was  found  as  shown  next. 
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SOLVE  SYSTEM  fl-K=E 

[[2. ,3. ,-5.]  [1.,- 
C13. ,-13. ,-6. ] 


Enttr  jolutionj  or  pnii  SOLVE 


EDIT  CHOOS 


Solution  with  the  inverse  matrix 

The  solution  to  the  system  A-x  =  b,  where  A  is  a  square  matrix  is 

X  =  A"^-  b.    For  the  example  used  earlier,  we  can  find  the  solution  in  the 

calculator  as  follows  (First  enter  matrix  A  and  vector  b  once  more): 


Solution  by  ^'division''  of  matrices 

While  the  operation  of  division  is  not  defined  for  matrices,  we  can  use  the 
calculator's  CBD  key  to  "divide"  vector  b  by  matrix  A  to  solve  for  x  in  the 
matrix  equation  A-x  =  b.  The  procedure  for  the  case  of  "dividing"  b  by  A  is 
illustrated  below  for  the  example  above. 

The  procedure  is  shown  in  the  following  screen  shots  (type  in  matrices  A  and 
vector  b  once  more): 


[13  -13  -61 

RHStl) 
flHS(2) 


[13  -13  -61 
LI  2  -11 


References 

Additional  information  on  creating  matrices,  matrix  operations,  and  matrix 
applications  in  linear  algebra  is  presented  in  Chapters  10  and  1 1  of  the 
calculator's  user's  guide. 
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Chapter  10 
Graphics 

In  this  chapter  we  introduce  some  of  the  graphics  capabilities  of  the  calculator. 
We  will  present  graphics  of  functions  in  Cartesian  coordinates  and  polar 
coordinates,  parametric  plots,  graphics  of  conies,  bar  plots,  scatterplots,  and 
fast  3D  plots. 


Graphs  options  in  the  calculator 

To  access  the  list  of  graphic  formats  available  in  the  calculator,  use  the 
keystroke  sequence  UxJJMd.  {(jU  )    Please  notice  that  if  you  are  using  the 
RPN  mode  these  two  keys  must  be  pressed  simultaneously  to  activate  any  of 
the  graph  functions.  After  activating  the  2D/3D  function,  the  calculator  will 
produce  the  PLOT  SETUP  window,  which  includes  the  TYPE  field  as  illustrated 
below. 


^^^^F-LOT  SETUPS 

^:R0d 

EC: 

Ind«p:l{  SiHULt 

H-Tich:lD.  V-Tich:lD. 

ch**fs  taps  *f  put 

Right  in  front  of  the  TYPE  field  you  will,  most  likely,  see  the  option  Function 
highlighted.   This  is  the  default  type  of  graph  for  the  calculator.  To  see  the 
list  of  available  graph  types,  press  the  soft  menu  key  labeled  IHIIiffil.    This  will 
produce  a  drop  down  menu  with  the  following  options  (use  the  up-  and  down- 
arrow  keys  to  see  all  the  options): 


Tap* 

EC: 


H-Ti 


Diff  Eq 
C*riic 
Truth 
Hift^jroH 


Rod 


nsct 
Hi 


Taps 

EC: 


InOs 
H-Ti 


S  Upsfis  1.0 

FoftJD 

HirsFroHS 

Pf-C^ntour 

V-Slics 

GridHop 


Pr-SurFocs 


Rod 


CHnCL  OH 


Taps 

EC: 

Inds 
H-Ti 

tor 

Scottsr 
SUpsFisLd 
FoftJD 
HirsFroHS 

Rod 

nsct 
sL; 
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Plotting  an  expression  of  the  form  y=f(x) 

As  an  example,  let's  plot  the  function, 

1 

•  First,  enter  the  PLOT  SETUP  environment  by  pressing,  (JnJio^D  .  Moke 
sure  that  the  option  Function  is  selected  as  the  TYPE,  and  that  'X'  is 
selected  as  the  independent  variable  (iNDEP).  Press  Inxt]m  i»  to 
return  to  normal  calculator  display.  The  PLOT  SET  UP  window  should 
look  similar  to  this: 


^^^^F-LOT  SETUPS 

d:R0d 

[ElXXFunction  ^^^H 

EC: 

Ind«p:K  SiHULt 

H-Tich:lD.  V-Tich:lD. 

Ch**f«  typi  of  put 

ICHOOSI         |HXESi|ERASE|  DRAH 

•     Enter  the  PLOT  environment  by  pressing  CfD-J^  (press  them 
simultaneously  if  in  RPN  mode).  Press  Elilil  to  get  you  into  the 
equation  writer.  You  will  be  prompted  to  fill  the  right-hand  side  of  an 
equation  Yl  (x)  =  ■.  Type  the  function  to  be  plotted  so  that  the 
Equation  Writer  shows  the  following; 


EDIT  I  CURS  I  EIG  ■!  EVAL  |FACTO|  SIHR 


•  Press  to  return  to  the  PLOT  ■  FUNCTION  window.  The 
expression  'Yl(X)  =  EXP(-X'^2/2)/V(2*7i)'  will  be  highlighted.  Press 
i>'.<rjE31  to  return  to  normal  calculator  display. 

•  Enter  the  PLOT  WINDOW  environment  by  entering  (jT]JM,  (press 
them  simultaneously  if  in  RPN  mode).     Use  a  range  of  -4  to  4  for  H- 
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VIEW,  then  press  to  generate  the  V-VIEW  automatically.  The 
PLOT  WINDOW  screen  looks  as  follows: 


PLOT  HinPOH  - 
V-Vi<H:-5.SS3?H 


FuncTion^^ 

H. 


HUTO  ERA^E  DRAH 


Plot  the  graph:  133311  (wait  till  the  calculator  finishes  the 

graphs) 


To  see  labels: 


To  recover  the  first  graphics  menu:  [nxt )[nxt jjSSSi 


To  trace  the  curve:  IliiijiiSii  il^ililiiH  .  Then  use  the  righ^  and  left-arrow 
keys  (C3DCD )  to  move  about  the  curve.  The  coordinates  of  the  points 
you  trace  will  be  shown  at  the  bottom  of  the  screen.  Check  that  for  x 
=  1 .05  ,  y  =  0.023 1 .  Also,  check  that  for  x  =  -1 .48  ,  y  =  0. 1  34. 
Here  is  picture  of  the  graph  in  tracing  mode: 


\ 

V:1.SDE-1 

•    To  recover  the  menu,  and  return  to  the  PLOT  WINDOW  environment, 
press  (.ivxT-jESIjjji!!.  Press  [wtrjEJi  to  return  to  normal  display. 

Generating  a  table  of  values  for  a  function 

The  combinations  UjJWSi  ((j£)  )  and  UjJ 3^  (CJL)  ),  pressed  simultaneously 
if  in  RPN  mode,  let's  the  user  produce  a  table  of  values  of  functions.  For 
example,  we  will  produce  a  table  of  the  function  Y(X)  =  X/(X+10),  in  the 
range  -5  <  X  <  5  following  these  instructions: 
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•  We  will  generate  values  of  the  function  f(x),  defined  above,  for  values  of 
X  from  -5  to  5,  in  increments  of  0.5.  First,  we  need  to  ensure  that  the 
graph  type  is  set  to  FUNCTION  in  the  PLOT  SETUP  screen  [(JjJ^,  press 
them  simultaneously,  if  in  RPN  mode).  The  field  in  front  of  the  Type  option 
v/ill  be  highlighted.  If  this  field  is  not  already  set  to  FUNCTION,  press  the 
soft  key  II^IIuukI  and  select  the  FUNCTION  option,  then  press  il^lllili. 

•  Next,  press  to  highlight  the  field  in  front  of  the  option  EQ,  and  type 
the  function  expression:  'X/(X+1 0)'.  Press  [inter]  ". 

•  To  accept  the  changes  made  to  the  PLOT  SETUP  screen  press  [hxt]  BI3SI. 
You  v/ill  be  returned  to  normal  calculator  display. 

•  The  next  step  is  to  access  the  Table  Set-up  screen  by  using  the  keystroke 
combinationC^DlstsfT  (i.e.,  soft  key  (JL) )  -  simultaneously  if  in  RPN  mode. 
This  will  produce  a  screen  where  you  can  select  the  starting  value  [Start) 
and  the  increment  (Step).  Enter  the  following:  I  5  }  illllilljli 
CeDGDCm  HEHS  C2DGDClDHa3ffl(i.e.,  Zoom  factor  =  0.5).  Toggle 
the  IKEIIli  soft  menu  key  until  a  check  mark  appears  in  front  of  the  option 
Small  Font  if  you  so  desire.  Then  press  ilijllllii.  This  will  return  you  to 
normal  calculator  display. 

•  To  see  the  table,  press  lJiJ3^  (i.e.,  soft  menu  key  ffQ  )  -  simultaneously 
if  in  RPN  mode.  This  will  produce  a  table  of  values  of  x  =  -5,  -4.5, 
and  the  corresponding  values  of  f(x),  listed  as  Yl  by  default.  You  can  use 
the  up  and  down  arrow  keys  to  move  about  in  the  table.  You  will  notice 
that  we  did  not  have  to  indicate  an  ending  value  for  the  independent 
variable  x.  Thus,  the  table  continues  beyond  the  maximum  value  for  x 
suggested  early,  namely  x  =  5. 

Some  options  available  while  the  table  is  visible  are  liuuHl,  Bi3,and  Elilu: 

•  The  ESII,  when  selected,  shows  the  definition  of  the  independent  variable. 

•  The  ialijl  key  simply  changes  the  font  in  the  table  from  small  to  big,  and 
vice  versa.  Try  it. 
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•    The  iisiilj!!]]  key,  when  pressed,  produces  a  menu  with  the  options:  In,  Out, 
Decimal,  Integer,  and  Trig.  Try  the  following  exercises: 

•  With  the  option  In  highlighted,  press  lliulilll.  The  table  is  expanded  so 
that  the  x-increment  is  now  0.25  rather  than  0.5.  Simply,  what  the 
calculator  does  is  to  multiply  the  original  increment,  0.5,  by  the  zoom 
factor,  0.5,  to  produce  the  new  increment  of  0.25.  Thus,  the  zoom  in 
option  is  useful  when  you  want  more  resolution  for  the  values  of  x  in 
your  table. 

•  To  increase  the  resolution  by  an  additional  factor  of  0.5  press  EElElLi], 
select  In  once  more,  and  press  iliillili.  The  x-increment  is  now  0.01 25. 

•  To  recover  the  previous  x-increment,  press  ESEIi]  (^^llsESSi  to  select 
the  option  Un-zoom.  The  x-increment  is  increased  to  0.25. 

•  To  recover  the  original  x-increment  of  0.5  you  can  do  an  un-zoom 
again,  or  use  the  option  zoom  out  by  pressing  liuulIIV^iSSSSE. 

•  The  option  Decimal  in  -'.•.•.•i-  produces  x-increments  of  0.10. 

•  The  option  Integer  in  liuEIIII  produces  x-increments  of  1 . 

•  The  option  Trig  in  produces  increments  related  to  fractions  of  tt,  thus 
being  useful  when  producing  tables  of  trigonometric  functions. 

•  To  return  to  normal  calculator  display  press  (mh)  . 

Fast  3D  plots 

Fast  3D  plots  are  used  to  visualize  three-dimensional  surfaces  represented  by 
equations  of  the  form  z  =  f(x,y).  For  example,  if  you  want  to  visualize  z  = 
f(x,y)  =  x^-i-y^,  we  can  use  the  following: 
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•  Press  [jnDie^,  simultaneously  if  in  RPN  mode,  to  access  to  the  PLOT 
SETUP  window. 

•  Change  type  to  Fast3D.  (  uHIISl,  find  Fast3D,  iEUli). 

•  Press  ^  and  type  'X^2+Y^2'  ESll. 

•  Make  sure  that  'X'  is  selected  as  the  indep:  and  'Y'  as  the  Depnd: 
variables. 

•  Press  [A/xrji83SS  to  return  to  normal  calculator  display. 

•  Press  {JnJJKHL. ,  simultaneously  if  in  RPN  mode,  to  access  the  PLOT 
WINDOW  screen. 

•  Keep  the  default  plot  window  ranges  to  read: 

X-Left:-1  X-Right:l 
Y-Near:-1  Y-Far:  1 

Z-Low:   -1  Z-High:  1 

Step  Indep:   10     Depnd:  8 


Note:  The  Step  Indep:  and  Depnd:  values  represent  the  number  of 
gridlines  to  be  used  in  the  plot.  The  larger  these  number,  the  slower  it 
is  to  produce  the  graph,  although,  the  times  utilized  for  graphic 
generation  are  relatively  fast.  For  the  time  being  we'll  keep  the  default 
values  of  1 0  and  8  for  the  Step  data. 


•  Press  ll-ilj!lj!l§l-ill[i![i!Lil^^  to  draw  the  three-dimensional  surface.  The  result  is  a 
wireframe  picture  of  the  surface  with  the  reference  coordinate  system 
shown  at  the  lower  left  corner  of  the  screen.  By  using  the  arrow  keys 
(CT)  CT)  '^7? )  you  can  change  the  orientation  of  the  surface.  The 
orientation  of  the  reference  coordinate  system  will  change  accordingly. 
Try  changing  the  surface  orientation  on  your  own.  The  following  figures 
show  a  couple  of  views  of  the  graph: 


Page  1 0-6 


•    When  done,  press  SSIj. 


•  Press  EjEEia  to  return  to  the  PLOT  WINDOW  environment. 

•  Change  the  Step  dote  to  read:  step  indep:  20    Depnd:  16 

•  Press  EfljIcuEaill]  to  see  the  surface  plot.  Sample  views: 


•  When  done,  press  liSlj. 

•  Press  EjES!!  to  return  to  PLOT  WINDOW. 

•  Press  I  on  J  ,  or  (./vxrjillail,  to  return  to  normal  calculator  display. 
Try  also  a  Fast  3D  plot  for  the  surface  z  =  f(x,y)  =  sin  (x^+y^) 

•  Press  C2Di^,  simultaneously  if  in  RPN  mode,  to  access  the  PLOT  SETUP 
v/indov/. 


Press  ^  and  type  'SIN{X'^2+Y'^2)' 


Press  EEEIuSIaiEl  to  draw  the  slope  field  plot.     Press   iSiiG  USS  (W] 
to  see  the  plot  unencumbered  by  the  menu  and  with 
identifying  labels. 
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•     Press  Inxt]Inxt}^.i^  to  leave  the  EDIT  environment. 


•     Press        !:1  to  return  to  the  PLOT  WINDOW  environment.   Then,  press 
(.  ON  J  ,  or(W]IEI3S,  to  return  to  normal  calculator  display. 

Reference 

Additional  information  on  graphics  is  available  in  Chapters  1 2  and  22  in  the 
calculator's  user's  guide. 
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Chapter  1 1 
Calculus  Applications 

In  this  Chapter  we  discuss  applications  of  the  calculator's  functions  to 
operations  related  to  Calculus,  e.g.,  limits,  derivatives,  integrals,  power  series, 
etc. 

The  CALC  (Calculus)  menu 

Many  of  the  functions  presented  in  this  Chapter  are  contained  in  the 
calculator's  CALC  menu,  available  through  the  keystroke  sequence  [  <n  )cak: 
(associated  with  the  I  4  J  key): 


CHLC  HEnU 

l.DERIV.  &  inTEfl...  1 

2. LIMITS  &  £ERIE£.. 

^.DIFFEREnriHL  E6\\i.. 

H.GRHPH.. 

5.DERVX 

fi.inrvK 

1         1         1  ICHnCLl 

OK 

The  first  four  options  in  this  menu  are  actually  sub-menus  that  apply  to  (1) 
derivatives  and  integrals,  (2)  limits  and  power  series,  (3)  differential  equations, 
and  (4)  graphics.   The  functions  in  entries  (1)  and  (2)  will  be  presented  in  this 
Chapter.  Functions  DERVX  and  INTVX  are  discussed  in  pages  1 1-2  and  1 1-3, 
respectively.. 

Limits  and  derivatives 

Differential  calculus  deals  with  derivatives,  or  rates  of  change,  of  functions 
and  their  applications  in  mathematical  analysis.  The  derivative  of  a  function 
is  defined  as  a  limit  of  the  difference  of  a  function  as  the  increment  in  the 
independent  variable  tends  to  zero.  Limits  are  used  also  to  check  the 
continuity  of  functions. 

Function  lim 

The  calculator  provides  function  lim  to  calculate  limits  of  functions.  This 
function  uses  as  input  an  expression  representing  a  function  and  the  value 
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where  the  limit  is  to  be  calculated.  Function  lim  is  available  through  the 
command  catalog  ((.  r»  i_cM,  [alpha][  <n  )(!] )  or  through  option  2.  LIMITS  & 
SERIES...  of  the  CALC  menu  (see  above). 

Function  lim  is  entered  in  ALG  mode  as  1  i m t f       ;i  x==a!5  to  calculate  the 
limit  lim  f{x)  .  In  RPN  mode,  enter  the  function  first,  then  the  expression 

'x=a',  and  finally  function  lim.  Examples  in  ALG  mode  are  shown  next, 
including  some  limits  to  infinity,  and  one-sided  limits.  To  calculate  one-sided 
limits  add  -i-O  or  -0  to  value  to  the  right  of  the  arrow.  A  "-i-O"  means  limit  from 
the  right,  while  a  "-0"  means  limit  from  the  left.  The  infinity  symbol  is 
associated  with  the  I  0  J  key,  i.e..,  I  *n  Jpo  . 


:  limtX-Hl) 

2 

:  lim(x^-2) 

X-^1 

-1 

CflSCMIHELPI         1         1  1 

CflSCM  HELP 


^hd  hyz  heh      'h'  hlg 
:hohe: 

:  limf-^ 

^■*"lx 

0 

CHICHI  HELP 

1         1         1  1 

x-*l.-H0. 


x-*l.-0. 


HODUL  REHLH  PERIO  VH 


Functions  DERIV  and  DERVX 

The  function  DERIV  is  used  to  take  derivatives  in  terms  of  any  independent 
variable,  while  the  function  DERVX  takes  derivatives  with  respect  to  the  CAS 
default  variable  VX  (typically  'X').  While  function  DERVX  is  available  directly 
in  the  CALC  menu,  both  functions  are  available  in  the  DERIV.&INTEG  sub- 
menu within  the  CALCL  menu  ( [  <n  Jf^^c  ). 

Function  DERIV  requires  a  function,  say  f(t),  and  an  independent  variable,  say, 
t,  while  function  DERVX  requires  only  a  function  of  VX.  Examples  are  shown 
next  in  ALG  mode.  Recall  that  in  RPN  mode  the  arguments  must  be  entered 
before  the  function  is  applied. 
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:DERIv(t.e^,t) 

:DERIV(SIH(s),s) 

costs! 

DERVX(JX-X) 


-((-l+2-Jx)-Jx) 


Anti-derivatives  and  integrals 

An  anti-derivative  of  a  function  f(x)  is  a  function  F(x)  such  that  f(x)  =  dF/dx. 
One  way  to  represent  an  anti-derivative  is  as  a  indefinite  integral,  i.e., 

J/(x)t/x  =  F(x)  +  C 

if  and  only  if,  f(x)  =  dF/dx,  and  C  =  constant. 

Functions  INT,  INTVX,  RISCH,  SIGMA  and  SIGMAVX 

The  calculator  provides  functions  INT,  INTVX,  RISCH,  SIGMA  and  SIGMAVX 
to  calculate  anti-derivatives  of  functions.  Functions  INT,  RISCH,  and  SIGMA 
work  with  functions  of  any  variable,  while  functions  INTVX,  and  SIGMAVX 
utilize  functions  of  the  CAS  variable  VX  (typically,  'x').    Functions  INT  and 
RISCH  require,  therefore,  not  only  the  expression  for  the  function  being 
integrated,  but  also  the  independent  variable  name.  Function  INT,  requires 
also  a  value  of  x  where  the  onti-derivotive  will  be  evaluated.  Functions  INTVX 
and  SIGMAVX  require  only  the  expression  of  the  function  to  integrate  in  terms 
of  VX.  Functions  INTVX,  RISCH,  SIGMA  and  SIGMAVX  are  available  in  the 
CALC/DERIV&INTEG  menu,  while  INT  is  available  in  the  command  catalog. 
Some  examples  are  shown  next  in  ALG  mode  (type  the  function  names  to 
activate  them): 


IHTVX 


(X-IW 

IHTVXtFlSimX)) 

■Jl-SQ(X)-HXflSIH(X) 


lEP   inrVK  LflPL  PREVfl  RISCH  SIGMfl 


RISCH(j^-fjf) 


3  a 


IRP  \invm  LflPL  PREVfl  RISCH  SIGMfl 
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iSIGMRVXt(X-3)!) 


SIGMR 


X! 
X-0 


X-1 


X-2 


.X 


lEP   inrVX  LHPL  PREVH  RI^CH^IGHHH  lEP   inTVX  LHPL  PREVH  RI^CH^IGHH 


Please  notice  that  functions  SIGMAVX  and  SIGMA  are  designed  for 
integrands  that  involve  some  sort  of  integer  function  like  the  factorial  (!) 
function  shov/n  above.  Their  result  is  the  so-called  discrete  derivative,  i.e., 
one  defined  for  integer  numbers  only. 

Definite  integrals 

In  a  definite  integral  of  a  function,  the  resulting  anti-derivative  is  evaluated  at 
the  upper  and  lov/er  limit  of  an  interval  (a,b)  and  the  evaluated  values 

subtracted.  Symbolically,     f(x)dx  =  F(b)  —  F(a),  v^here  f(x)  =  dF/dx. 


The  PREVAL(f(x),a,b)  function  of  the  CAS  can  simplify  such  calculation  by 
returning  f{b)-f(a)  v/ith  x  being  the  CAS  variable  VX. 


PREVRlIs^X  -X,0,5) 

70 

PREVRL(X.LH(X)4.5) 


IRR   IRTVX  LHRL  RREVH  RI^CH^IGHH 


Infinite  series 

A  function  f(x)  can  be  expanded  into  an  infinite  series  around  a  point  x=Xo  by 
using  a  Taylor's  series,  namely, 

°°  f  (">rr 
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where  f"'(x)  represents  the  n-th  derivative  of  f(x)  v/ith  respect  to  x,  f°'(x)  =  f(x). 
If  the  value  Xg  =  0,  the  series  is  referred  to  as  a  Maclaurin's  series. 


Functions  TAYLR,  TAYLRO,  and  SERIES 

Functions  TAYLR,  TAYLRO,  and  SERIES  are  used  to  generate  Taylor 
polynomials,  as  well  as  Taylor  series  with  residuals.   These  functions  are 
available  in  the  CALC/LIMITS&SERIES  menu  described  earlier  in  this  Chapter. 

Function  TAYLORO  performs  a  Maclaurin  series  expansion,  i.e.,  about  X  =  0, 
of  an  expression  in  the  default  independent  variable,  VX  (typically  'X').  The 
expansion  uses  a  4-th  order  relative  power,  i.e.,  the  difference  between  the 
highest  and  lowest  power  in  the  expansion  is  4.  For  example. 


:  TflYLOR0[e 

1  2 

CHICHI  HELP  1         1         1  1 

TRYLOR0(SIH™ 


DIVPC    liH   SERIE  TflVLO  TflVLR  CHLC 


Function  TAYLR  produces  a  Taylor  series  expansion  of  a  function  of  any 
variable  x  about  a  point  x  =  a  for  the  order  k  specified  by  the  user.  Thus,  the 
function  has  the  format  TAYLR(f(x-a),x,l<).  For  example. 


TflYLR[siH[s~],s,6] 
1 


DIVPC    LiH  ^ERIE  THYLO  THYLR  CHLC  HDIVPC    liH  ^ERIE  TAYLO  THYLR  CHLC 


Function  SERIES  produces  a  Taylor  polynomial  using  as  arguments  the 
function  f(x)  to  be  expanded,  a  variable  name  alone  (for  Maclaurin's  series) 
or  an  expression  of  the  form  'variable  =  value'  indicating  the  point  of 
expansion  of  a  Taylor  series,  and  the  order  of  the  series  to  be  produced. 
Function  SERIES  returns  two  output  items  a  list  with  four  items,  and  an 
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expression  for  h  =  x  ■  a,  if  the  second  argument  in  the  function  coll  is  'x=a', 
i.e.,  an  expression  for  the  increment  h.  The  list  returned  as  the  first  output 
object  includes  the  following  items: 

1  -  Bi-directional  limit  of  the  function  at  point  of  expansion,  i.e.,  lim  f{^x) 

2  -  An  equivalent  value  of  the  function  near  x  =  a 

3  ■  Expression  for  the  Taylor  polynomial 

4  ■  Order  of  the  residual  or  remainder 

Because  of  the  relatively  large  amount  of  output,  this  function  is  easier  to 
handle  in  RPN  mode.    For  example,  the  follov/ing  screen  shots  show  the  RPN 
stock  before  and  after  using  function  SERIES: 


5: 

4: 

3: 

SIH(X) 

2: 

l: 

€ 

DIVPCI 

liH  |SERIE|TflVLO|TflYLR|  CflLC 

4: 
3: 
2: 

l: 


jLimi 


it:  1  Equiy:  1  Exp^ 
ti=X-J 


Drop  the  contents  of  stack  level  1  by  pressing  (3D,  and  then  enter  d^,  to 
decompose  the  list.  The  results  ore  as  follows: 


4: 
3: 


Expans: 


l: 


Limit: 1 
Equiy: 1 

Remain:  (hi^ 


4Expans:  ' -1.^720*hi-^6+ 
1.^24*hi-^4+-1.^2*hi-^2+l ' 


DIVPC    liH   SERIE  TflVLO  TflVLR  CHLC  ™+^KIP  SKIPH  H)EL   DEL-f  DEL  L  IRS  i 


In  the  right-hand  side  figure  above,  we  are  using  the  line  editor  to  see  the 
series  expansion  in  detail.  To  get  this  result  use:  (3D'^3?  ■ 


Reference 

Additional  definitions  and  applications  of  calculus  operations  are  presented  in 
Chapter  1  3  in  the  calculator's  user's  guide. 


Page  11-6 


Chapter  1 2 

Multi-variate  Calculus  Applications 

Multi-variate  calculus  refers  to  functions  of  two  or  more  variables.  In  this 
Chapter  we  discuss  basic  concepts  of  multi-variate  calculus:  partial  derivatives 
and  multiple  integrals. 

Partial  derivatives 

To  quickly  calculate  partial  derivatives  of  multi-variate  functions,  use  the  rules 
of  ordinary  derivatives  with  respect  to  the  variable  of  interest,  while 
considering  all  other  variables  as  constant.  For  example, 

^(xcos(>;))  =  cos(>'),  ^(xcos(>'))  =  -xsin(>;), 
ox  oy 

You  can  use  the  derivative  functions  in  the  calculator:  DERVX,  DERIV,  d, 
described  in  detail  in  Chapter  1 1  of  this  manual,  to  calculate  partial 
derivatives  (DERVX  uses  the  CAS  default  variable  VX,  typically,  'X').  Some 
examples  of  first-order  partial  derivatives  are  shown  next.  The  functions  used 
in  the  first  two  examples  are  f{x,y)  =  x  cos(y),  and  g(x,y,z)  =  (x^+y^)^^^sin{z). 


COS(y) 

 x-SIHtyl 

3   1   f   1  Mns 

1  PPHR  IGRPHflHPFIT 

:^(9(x.y.z)) 

  2-^ 

x-SIH(y) 

1^'^  'Simzl 
X  -Hy  

3   1   f   1  Mns 

PPflR  IGRPHSIMPFIT 

DERVx(x.Y^-Y^) 


DERVXtX'SIhJtY-HX)) 

COStX-HY^X-HSIHtX-HYH 


DERIv(s.t^-e^,t) 


s-2-%-<^ 


CURL  DERIV  DERVX   DIV   FDURI  HE33  H  CURL  DERIV  DERVX   DIV   FDURI  HE33 
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To  define  the  functions  f(x,y)  and  g(x,y,z),  in  ALG  mode,  use: 

DEF(f(x,y)=x*COS(y))  DEF(g(x,y,z)=V(x"2+y"2)*SIN(z) 

To  type  tfie  derivative  symbol  use  I  r»  J  ^  .  Tfie  derivative  — (/(•^»>'))  /  for 

dx 

example,  will  be  entered  as  5x(f(x,y))  [intek]  in  ALG  mode  in  tfie  screen. 

Multiple  integrals 

A  physical  interpretation  of  the  double  integral  of  a  function  f(x,y)  over  a 
region  R  on  the  x-y  plane  is  the  volume  of  the  solid  body  contained  under  the 
surface  f(x,y)  above  the  region  R.   The  region  R  can  be  described  as  R  = 
{a<x<b,  f(x)<y<g(x)}  or  as  R  =  {c<y<d,  r(y)<x<s(y)}.  Thus,  the  double  integral 
can  be  written  as 

rh  rg{x)  nd  ps{y) 

x,y)dA=\        (l){x,y)dydx=  \  ^ix,y)dydx 

R 

Calculating  a  double  integral  in  the  calculator  is  straightforward.  A  double 
integral  can  be  built  in  the  Equation  Writer  (see  example  in  Chapter  2  in  the 
user's  guide),  as  shown  below.  This  double  integral  is  calculated  directly  in 
the  Equation  Writer  by  selecting  the  entire  expression  and  using  function  S1333. 
The  result  is  3/2. 


2 

^x+ydy  dx4 

1 

EDIT  1  CURS 

1  EIG  ■!  EVflL  IFflCTOI  SIMP 

Reference 

For  additional  details  of  multi-variate  calculus  operations  and  their 
applications  see  Chapter  14  in  the  calculator's  user's  guide. 
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Chapter  13 

Vector  Analysis  Applications 

This  chapter  describes  the  use  of  functions  HESS,  DIV,  and  CURL,  for 
calculating  operations  of  vector  analysis. 

The  del  operator 

The  following  operator,  referred  to  as  the  'del'  or  'nabia'  operator,  is  a  vector- 
based  operator  that  can  be  applied  to  a  scalar  or  vector  function: 


When  applied  to  a  scalar  function  we  can  obtain  the  gradient  of  the  function, 
and  when  applied  to  a  vector  function  we  can  obtain  the  divergence  and  the 
curl  of  that  function.  A  combination  of  gradient  and  divergence  produces  the 
Laplacian  of  a  scalar  function. 


Gradient 

The  gradient  of  a  scalar  function  (|)(x,y,z)  is  a  vector  function  defined  by 
grad^  =       .   Function  HESS  can  be  used  to  obtain  the  gradient  of  a 
function..  The  function  takes  as  input  a  function  of  n  independent  variables 
(|)(xi,  X2,  ...,Xn),  and  a  vector  of  the  functions  ['x/  'X2' ...'x.^'].  The  function 
returns  the  Hessian  matrix  of  the  function,  H  =  [hij]  =  [5(|)/9X|9Xj],  the  gradient 
of  the  function  with  respect  to  the  n-variables,  grad  f  =  [  d^/dx-^  d^/dx2  ... 
9(|)/9xJ,  and  the  list  of  variables  ['x/,  'x2',...,'x„'].  This  function  is  easier  to 
visualize  in  the  RPN  mode.    Consider  as  an  example  the  function  (j)(X,Y,Z)  = 

+  XY  +  XZ,  we'll  apply  function  HESS  to  this  scalar  field  in  the  following 
example]  


4: 
3: 
2: 


[X  Y  Z] 


CURL  DERIV  DERVX   DIV   FOURI  HE££ 


[2  1  11 
1  e  e 
1  e  eJ 

[2.X+Y+Z  X  X] 
[X  Y  Z] 


Thus,  the  gradient  is  [2X+Y+Z,  X,  X]. 
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Alternatively,  use  function  DERIV  as  follows: 


EDITlVIEHl  RCL  |  £T0^  IPURGEICLEHR 


Divergence 

The  divergence  of  a  vector  function,  F(x,y,z)  =  f(x,y,z)i  +g(x,y,z)j  +h(x,y,z)k, 
is  defined  by  taking  a  "dot-product"  of  the  del  operator  v/ith  the  function,  i.e., 

divF  =  V  •  F  .  Function  DIV  can  be  used  to  calculate  the  divergence  of  a 

vector  field.  For  example,  for  F(X,Y,Z)  =  [XY,X2+Y2+Z^YZ],  the  divergence  is 
calculated,  in  ALG  mode,  as  follov/s:  DIV([X*Y,X'^2+Y'^2+Z'^2,Y*Z],[X,Y,Z]) 


:DIv([x.Y  X^+Y^+Z^  Y^zllX^ 
Y+£'Y+Y 


+^KIP|SKIP-H  H)EL  I  DEL-f|DEL  L|  inS  ■ 


Curl 

The  curl  of  a  vector  field  F(x,y,z)  =  f(x,y,z)i+g(x,y,z)j+h(x,y,z)k,is  defined  by 
a  "cross-product"  of  the  del  operator  with  the  vector  field,  i.e., 
curlF  =  V  X  F  .  The  curl  of  vector  field  can  be  calculated  with  function  CURL. 
For  example,  for  the  function  F(X,Y,Z)  =  [XY,X'^+y^+Z\YZ],  the  curl  is 
calculated  as  follows:  CURL([X*Y,X'^2+Y'^2+Z'^2,Y*Z],[X,Y,Z]) 


:  CURl([x.Y  X^+Y^+Z^  Y^zIl^ 
ZZ-2-Z  0  £'X-X] 


CURL  |DERIV|DERVX|  DIV  |FOURI|  HE££ 


Reference 

For  additional  information  on  vector  analysis  applications  see  Chapter  15  in 
the  calculator's  user's  guide. 
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Chapter  14 
Differential  Equations 

In  this  Chapter  we  present  examples  of  solving  ordinary  differential  equations 
(ODE)  using  calculator  functions.  A  differential  equation  is  an  equation 
involving  derivatives  of  the  independent  variable.  In  most  cases,  v/e  seek  the 
dependent  function  that  satisfies  the  differential  equation. 

The  CALC/DIFF  menu 

The  DIFFERENTIAL  EQNS..  sub-menu  within  the  CALC  (C!I]«^  )  menu 
provides  functions  for  the  solution  of  differential  equations.  The  menu  is  listed 
below  with  system  flag  1 1 7  set  to  CHOOSE  boxes: 


CALC  HEnU 

l.DERIV.  &  inTEG... 
Z. LIMITS  a  SERIES.. 

S.DirrEREATIAL  E4nS.. 

H. GRAPH.. 
5.DERVH 

fi.inrvK 

1         1         1  ICAnCLl 

OH 

DIFPEREnTIAL  EtAS  HEflU 


2.ILAP 
3.  LAP 
H.LDEC 
5. CALCULUS.. 


CAACL  OH 


These  functions  are  briefly  described  next.  They  will  be  described  in  more 
detail  in  later  parts  of  this  Chapter. 

DESOLVE:  Differential  Equation  SOLVEr,  solves  differential  equations,  when 

possible 

ILAP:  Inverse  LAPlace  transform,  L^[F(s)]  =  f(t) 

LAP:  LAPlace  transform,  L[f(t)]=F(s) 

LDEC:  Linear  Differential  Equation  Command 

Solution  to  linear  and  non-linear  equations 

An  equation  in  which  the  dependent  variable  and  all  its  pertinent  derivatives 
are  of  the  first  degree  is  referred  to  as  a  linear  differential  equation. 
Otherwise,  the  equation  is  said  to  be  non-linear. 
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Function  LDEC 

The  calculator  provides  function  LDEC  (Linear  Differential  Equation  Command) 
to  find  tfie  general  solution  to  a  linear  ODE  of  any  order  with  constant 
coefficients,  whether  it  is  homogeneous  or  not.  This  function  requires  you  to 
provide  two  pieces  of  input: 

•  the  right-hand  side  of  the  ODE 

•  the  characteristic  equation  of  the  ODE 

Both  of  these  inputs  must  be  given  in  terms  of  the  default  independent  variable 
for  the  calculator's  CAS  (typically  X).  The  output  from  the  function  is  the 
general  solution  of  the  ODE.   The  examples  below  are  shown  in  the  RPN 
mode: 

Example  1  -  To  solve  the  homogeneous  ODE 

dVdx'-4-(dVdx')-l  l-{cly/dx)+30-y  =  0. 

Enter: 

&    jCNTER]     '  y,  ■■■■■  3  -  4  *  y.    2  -  1  1  *  X  T  3  8  '     ICNTER]  [_  D  E  C 

The  solution  is  (figure  put  together  from  EQW  screenshots): 

^■cCO-(.c^il*cC^^:>    5.K  10■cC0-(.7■cil-c^i^^:>    -(J.K)  15..:C0*Z..:C1-.:CZ 
 2H  *     *  HO  ■=         *  15  * 

where  cCO,  cCl,  and  cC2  are  constants  of  integration.  This  result  is 
equivalent  to 

y  =  Kve-3=<  +  K2-e^''  +  K3-e^ 
Example  2  -  Using  the  function  LDEC,  solve  the  non-homogeneous  ODE: 
d  VdxM-(d  Vdx')-1 1  ■(dy/dx)+30-y  =  x\ 

Enter: 

,i        ISWKJ  ^  —  --tTrt-,    i- —  .L  1  K-rt -jb        [ENTER}  |_L-"|- L.- 
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The  solution  is: 


?5D.cCD-<ia5.cCl+ia5.cCa+a>    S.K  270-cC0-(lSi-cCl-(.17-cCl-3y}       -<3'K>  H5D.K^*E3im+aHl  ( 
3000  lOSO  13500 


which  is  equivalent  to 

y  =  Ki-e-^''  +  Kj-e^x  +  Kye^''+  (450-x2+330-x+241  )/l  3500. 
Function  DESOLVE 

The  calculator  provides  function  DESOLVE  (Differential  Equation  SOLVEr)  to 
solve  certain  types  of  differential  equations.  The  function  requires  as  input  the 
differential  equation  and  the  unknov/n  function,  and  returns  the  solution  to  the 
equation  if  available.  You  can  also  provide  a  vector  containing  the 
differential  equation  and  the  initial  conditions,  instead  of  only  a  differential 
equation,  as  input  to  DESOLVE.  The  function  DESOLVE  is  available  in  the 
CALC/DIFF  menu.  Examples  of  DESOLVE  applications  are  shown  below 
using  RPN  mode. 

Example  1  -  Solve  the  first-order  ODE: 

dy/dx  +  x^-y(x)  =  5. 

In  the  calculator  use: 

'  d  1  y  <  X  >  +x-"-2*y  C  x  >  =5 '  (s™]    y  <  x  >  '  DESOLVE 
The  solution  provided  is 

{'y(x)  =  (5*INT(EXP(xt'^3/3),xt,x)+cC0)*l/EXP(x^3/3))' },  which  simplifies  to 
y{x)  =  5  •  exp(-jc^  /  3)  •  ( jexp(x^  /  3)  •  i&  +  ) 
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The  variable  ODETYPE 

You  will  notice  in  the  soft-menu  key  labels  a  new  variable  called  IISIMIIBI 
(ODETYPE).  This  variable  is  produced  with  the  call  to  the  DESOL  function  and 
holds  a  string  showing  the  type  of  ODE  used  as  input  for  DESOLVE.  Press 
to  obtain  the  string  "1st  order  linear". 


Example  2  -  Solving  an  equation  with  initial  conditions.  Solve 

d  Vdt'  +  5y  =  2  cos(t/2), 

with  initial  conditions 

y(0)=  1.2,  y'(0)  =  -0.5. 

In  the  calculator,  use: 

['dldly{t)+5*y(t)  =  2*COS(t/2)'  'y(O)  =  6/5'  'dly{0)  =  -1/2']  (enjb) 

'y(t)'  [enter) 

DESOLVE 

Notice  that  the  initial  conditions  were  changed  to  their  Exact  expressions,  'y(O) 
=  6/5',  rather  than  'y(0)=1.2',  and  'dly(O)  =  -1/2',  rather  than,  'dly(O)  = 
-0.5'.  Changing  to  these  Exact  expressions  facilitates  the  solution. 


Note:  To  obtain  fractional  expressions  for  decimal  values  use  function 
(See  Chapter  5). 


Press  lEVALjilm]  to  simplify  the  result.  Use  ^V?  BSli  to  see  this  result: 


ty  a  >  =- 1  a  9*-J"5*S  I H  t -TS 
H  >  -  a  4S*C0S  (.        >  -HS0 


+^KIP  SKIP-H  *OZL   DEL-f  DEL  L  inS  i 


I.e. 


'y(t)  =  -((19*V5*SIN(V5*tH148*COS(V5*t)+80*COS(t/2)))/190)'. 

Press  [BfTERjiEi^lmJ  ETiiiS  to  get  the  string  "Linear  w/  est  coef  f"  for  the 
ODE  type  in  this  case. 
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Laplace  Transforms 

The  Laplace  transform  of  a  function  f(t)  produces  a  function  F(s)  in  the  image 
domain  that  can  be  utilized  to  find  the  solution  of  a  linear  differential  equation 
involving  f(t)  through  algebraic  methods.   The  steps  involved  in  this 
application  are  three: 

1 .  Use  of  the  Laplace  transform  converts  the  linear  ODE  involving  f(t)  into  an 
algebraic  equation. 

2.  The  unknown  F(s)  is  solved  for  in  the  image  domain  through  algebraic 
manipulation. 

3.  An  inverse  Laplace  transform  is  used  to  convert  the  image  function  found 
in  step  2  into  the  solution  to  the  differential  equation  f{t). 

Laplace  transform  and  inverses  in  the  calculator 

The  calculator  provides  the  functions  LAP  and  ILAP  to  calculate  the  Laplace 
transform  and  the  inverse  Laplace  transform,  respectively,  of  a  function  f(VX), 
where  VX  is  the  CAS  default  independent  variable  (typically  X).  The 
calculator  returns  the  transform  or  inverse  transform  as  a  function  of  X.  The 
functions  LAP  and  ILAP  are  available  under  the  CALC/DIFF  menu.  The 
examples  are  worked  out  in  the  RPN  mode,  but  translating  them  to  ALG  mode 
is  straightforward. 

Example  1  -  You  can  get  the  definition  of  the  Laplace  transform  use  the 
following:  'fCXV  LRP  in  RPN  mode,  or  I...HP';FOO  >  in  ALG  mode. 
The  calculator  returns  the  result  (RPN,  left;  ALG,  right): 


4: 
3: 
Z: 
l: 

0 

DE£OL|ILHP|  LHP  |  LDEC  |         |  CHLC 

LRPtftX)) 


DE^OL  ILHP    LHP  LDEC 


Compare  these  expressions  with  the  one  given  earlier  in  the  definition  of  the 
Laplace  transform,  i.e.. 


L{f(t)}  =  F(s)=lfit)-e"dt, 
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and  you  will  notice  that  the  CAS  default  variable  X  in  the  equation  writer 
screen  replaces  the  variable  s  in  this  definition.  Therefore,  when  using  the 
function  LAP  you  get  back  a  function  of  X,  which  is  the  Laplace  transform  of 
f(X). 

Example  2  -  Determine  the  inverse  Laplace  transform  of  F(s)  =  sin{s).  Use: 

']/(X+])^2' (&fER)  ILAP 
The  calculator  returns  the  result:  'X  e'*',  meaning  that  L  ■^{l/(s+l  )^}  =  x-e". 

Fourier  series 

A  complex  Fourier  series  is  defined  by  the  following  expression 

/•/  x  ,2in7rt . 

where 

^«  =  i  r^^^)  ■  ^^P(^  ^  rH  ^  -O-dt,    n  =  -00,... -2 -l,0,l,2,...oo. 
7  JO  7 

Function  FOURIER 

Function  FOURIER  provides  the  coefficient  c^  of  the  complex-form  of  the 
Fourier  series  given  the  function  f(t)  and  the  value  of  n.  The  function  FOURIER 
requires  you  to  store  the  value  of  the  period  (T)  of  a  T-periodic  function  into 
the  CAS  variable  PERIOD  before  calling  the  function.  The  function  FOURIER  is 
available  in  the  DERIV  sub-menu  within  the  CALC  menu  ([  <n  Jf-^^c  ). 

Fourier  series  for  a  quadratic  function 

Determine  the  coefficients  Cq,  Ci,  and  C2  for  the  function  g(t)  =  (t-1  )^-i-(t-l ),  with 
period  T  =  2. 
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Using  the  calculator  in  ALG  mode,  first  we  define  functions  f(t)  and  g(t): 


:DEFIHE(V(t)= 

HOVRL 

:DEFIHE('9(t)= 

f(t-15') 

HOVflL 

Next,  we  move  to  the  CASDIR  sub-directory  under  HOME  to  change  the  value 
of  variable  PERIOD,  e.g., 

(3D  (hold)  raL(^CHll  SSliiB(^CTD  droT)  IG|]|HiEEI(^ 


HOVFiL 

:HOME 

HOVRL 

iCflSDIR 

HOVRL 

:2^PERI0D 

2 

PRIHIICH^iniHODULIREHLHIPERIOl 

Return  to  the  sub-directory  where  you  defined  functions  f  and  g,  and  calculate 
the  coefficients.  Set  CAS  to  Complex  mode  (see  chapter  2)  before  trying  the 
exercises.  Function  COLLECT  is  available  in  the  ALG  menu  ([    J  ^lg  ). 


FOURIERt9(X),0) 


FOURIERtgtX),!) 


2 
2 
3 

2■i■^T-^4 

2 


COLLECTtRHStD) 


TT 

2 

:C0LLECT(RHS(1)) 

i'1T-H2 

2 

TT 
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2 

TT 

:F0URIERt9(X),2) 

i'TT+1 

2 

TT 

2 

2 

TT 

2 

:C0LLECT(RHS(1)) 

i'TT+1 

2.TT^ 

Thus,  Co  =  1/3,  Ci  =  (n-'\+2)/n^,  C2  =  (n-i+l  )/(27i^). 

The  Fourier  series  with  three  elements  will  be  written  as 

g(t)  «  Re[{l/3)  +  (7r-i+2)A2.exp(i-7r-t)+  (ttm+I  )/{27r2)-exp(2-i-7r-t)]. 

Reference 

For  additional  definitions,  applications,  and  exercises  on  solving  differential 
equations,  using  Laplace  transform,  and  Fourier  series  and  transforms,  as  well 
as  numerical  and  graphical  methods,  see  Chapter  1 6  in  the  calculator's  user's 
guide. 
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Chapter  1 5 

Probability  Distributions 

In  this  Chapter  we  provide  examples  of  applications  of  the  pre-defined 
probability  distributions  in  the  calculator. 

The  MTH/PROBABILITY..  sub-menu  -  part  1 

The  MTH/PROBABILITY..  sub-menu  is  accessible  through  the  keystroke 
sequence  I  *-\  j^StL.  .  With  system  flag  117  set  to  CHOOSE  boxes,  the 
following  functions  are  available  in  the  PROBABILITY.,  menu: 


HHTH  HEnU 

6.  EASE. . 

?.PROEflEILITV.. 

3.FFT.. 

3.  COMPLEX.. 

iD.consTflnTS.. 
ii.spEciHL  FuncTion;..  I 

1       1       1  IcflncL 

OK 

PROEAEILITY  HEHU 

HiRAnO 

5.RDZ 

e.UTPC 

1       1       1  jcfincL 

OK 

in  this  section  we  discuss  functions  COMB,  PERM,  !  (factorial),  and  RAND. 
Factorials,  combinations,  and  permutations 

The  factorial  of  an  integer  n  is  defined  as:  n!  =  n-  (n-1)  •  (n-2)...3-2-l .  By 
definition,  01  =  1. 

Factorials  are  used  in  the  calculation  of  the  number  of  permutations  and 
combinations  of  objects.  For  example,  the  number  of  permutations  of  r 
objects  from  a  set  of  n  distinct  objects  is 

„P^  =  n(n  - 1)(«  - !)...(«  -r  +  l)  =  n\/(n-  r)! 
Also,  the  number  of  combinations  of  n  objects  taken  r  at  a  time  is 
n(n  -  \)(n  -  2)...(n  -r  +  \)_  n\ 


r! 


r!(«  -r)! 
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We  can  calculate  combinations,  permutations,  and  factorials  with  functions 
COMB,  PERM,  and  !  from  the  MTH/PROBABILITY..  sub-menu.  The  operation 
of  those  functions  is  described  next: 


•  COMB(n,r):  Calculates  the  number  of  combinations  of  n  items  taken  r 
at  a  time 

•  PERM(n,r):  Calculates  the  number  of  permutations  of  n  items  taken  r 
at  a  time 

•  n!:  Factorial  of  a  positive  integer.  For  a  non-integer,  x!  returns 
r(x-i-l),  where  r(x)  is  the  Gamma  function  (see  Chapter  3).  The 
factorial  symbol  (!)  can  be  entered  also  as  the  keystroke  combination 

Example  of  applications  of  these  functions  are  shown  next: 


:COMB(10.,6.) 

210. 

:PERM(10.,6.) 

151200. 

:  12.! 

479001600. 

Random  numbers 

The  calculator  provides  a  random  number  generator  that  returns  a  uniformly 
distributed  random  real  number  between  0  and  1 .  To  generate  a  random 
number,  use  function  RAND  from  the  MTH/PROBABILITY  sub-menu.  The 
following  screen  shows  a  number  of  random  numbers  produced  using  RAND. 


(Note:  The  random  numbers  in  your  calculator  will  dif 


iRflhJD 

.529199353633 

iRflhJD 

4.35321S14444E-2 

iRflhJD 

.294922932033 

er  from  these). 


Additional  details  on  random  numbers  in  the  calculator  are  provided  in 
Chapter  1 7  of  the  user's  guide.  Specifically,  the  use  of  function  RDZ,  to  re- 
start lists  of  random  numbers  is  presented  in  detail  in  Chapter  1 7  of  the  user's 
guide. 
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The  MTH/PROB  menu  -  part  2 

In  this  section  we  discuss  four  continuous  probability  distributions  that  are 
commonly  used  for  problems  related  to  statistical  inference:  the  normal 
distribution,  the  Student's  t  distribution,  the  Chi-square  (x^)  distribution,  and 
the  F-distribution.  The  functions  provided  by  the  calculator  to  evaluate 
probabilities  for  these  distributions  are  NDIST,  UTPN,  UTPT,  UTPC,  and  UTPF. 
These  functions  are  contained  in  the  MTH/PROBABILITY  menu  introduced 
earlier  in  this  chapter.  To  see  these  functions  activate  the  MTH  menu: 
(33m7w_  and  select  the  PROBABILITY  option: 


HflTH  HEnU 
6.  EASE. . 


iD.consTflnTS.. 
ii.spEciHL  FuncTion;.. 


icnncLl  OK  H       I       I       I       IcnncLl  ok 


The  Normal  distribution 

Functions  NDIST  and  UTPN  relate  to  the  Normal  distribution  v/ith  mean  (x  , 
and  variance  a^. 

To  calculate  the  value  of  probability  density  function,  or  pdf,  of  the  f(x)  for  the 
normal  distribution,  use  function  NDIST((x,ct^,x).  For  example,  check  that  for  a 
normal  distribution,  NDIST(1 .0,0.5,2.0)  =  0.20755374.   This  function  is 
useful  to  plot  the  Normal  distribution  pdf. 

The  calculator  also  provides  function  UTPN  that  calculates  the  upper-tail 
normal  distribution,  i.e.,  UTPN(|a,a^  x)  =  P(X>x)  =  1  -  P(X<x),  where  P() 
represents  a  probability.  For  example,  check  that  for  a  normal  distribution, 
with^i=  1.0,  a^  =  0.5,  UTPN(1. 0,0.5,0.75)  =  0.638163. 

The  Student-t  distribution 

The  Student-t,  or  simply,  the  t-,  distribution  has  one  parameter  v,  known  as  the 
degrees  of  freedom  of  the  distribution.  The  calculator  provides  for  values  of 
the  upper-tail  (cumulative)  distribution  function  for  the  t-distribution,  function 


PROEAEILITY  HEHU 

6. UTPC 
?.UTPF 
g.UTPn 
S.UTPT 

1  o  n  P  I  S^^^^^^^^ 
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UTPT,  given  the  parameter  v  and  the  value  of  t,  i.e.,  UTPT(v,t)  =  P{T>t)  =  1- 
P(T<t).  For  example,  UTPT(5,2.5)  =  2.7245. ..E-2. 

The  Chi-square  distribution 

The  Chi-square  (x^)  distribution  has  one  parameter  v,  known  as  the  degrees  of 
freedom.  The  calculator  provides  for  values  of  the  upper-tail  (cumulative) 
distribution  function  for  the  x^-distribution  using  [UTPC]  given  the  value  of  x 
and  the  parameter  v.  The  definition  of  this  function  is,  therefore,  UTPC(v,x)  = 
P(X>x)  =  1  -  P{X<x).  For  example,  UTPC(5,  2.5)  =  0.776495... 

The  F  distribution 

The  F  distribution  has  tv/o  parameters  vN  =  numerator  degrees  of  freedom, 
and  vD  =  denominator  degrees  of  freedom.  The  calculator  provides  for 
values  of  the  upper-tail  (cumulative)  distribution  function  for  the  F  distribution, 
function  UTPF,  given  the  parameters  vN  and  vD,  and  the  value  of  F.  The 
definition  of  this  function  is,  therefore,  UTPF{vN,vD,F)  =  P(3  >F)  =  1  -  P(3  <F). 
For  example,  to  calculate  UTPF(10,5,  2.5)  =  0.1618347... 

Reference 

For  additional  probability  distributions  and  probability  applications,  refer  to 
Chapter  1 7  in  the  calculator's  user's  guide. 
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Chapter  1 6 
Statistical  Applications 

The  calculator  provides  the  following  pre-programmed  statistical  features 
accessible  through  the  keystroke  combination  C5D^^  (the  I  5  J  key): 


ll.Sinsli-uor..  1 

2.  Fr«qu«nci«;.. 

3.  Fit  iiti.. 
H.SuHHary  ftatf.. 
S.Hyp^th.  teiti.. 
fi.C«nF.  intifuaL. 

1       1       1  icflncLl 

OK 

Entering  data 

Applications  number  1,  2,  and  4  from  the  list  above  require  that  the  data  be 
available  as  columns  of  the  matrix  SDAT.  This  can  be  accomplished  by 
entering  the  data  in  columns  using  the  Matrix  Writer,  [  *i  J/iffwy  ^  and  then 
using  functions  STOS  to  store  the  matrix  into  SDAT. 

For  example,  enter  the  following  data  using  the  Matrix  Writer  (see  Chapters  8 
or  9  in  this  guide),  and  store  the  data  into  SDAT: 

2.1   1.2   3.1  4.5   2.3    1.1  2.3    1.5    1.6   2.2    1.2  2.5. 

The  screen  may  look  like  this: 


STOStRHStD) 


1.6 

2.2 

1.2 

HOVRU 


Notice  the  variable  iaSSIJ  listed  in  the  soft  menu  keys. 

Calculating  single-variable  statistics 

After  entering  the  column  vector  into  SDAT,  press  [  r»  J  ^tat 
Single-var..  The  following  input  form  will  be  provided: 


to  select  1. 
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EDflT :  Wm>B4HW  1 

Typ<:  Sample 
_H«an       _J'td  D«u  _Varionc« 
_T*'tol       _MoxiHUM  _MiniMUH 


EDIT  CHOO£ 


The  form  lists  the  data  in  SDAT,  shows  that  column  1  is  selected  (there  is  only 
one  column  in  the  current  2DAT).  Move  about  the  form  with  the  arrow  keys, 
and  press  the  !i^3SSn  soft  menu  key  to  select  those  measures  (Mean,  Standard 
Deviation,  Variance,  Total  number  of  data  points,  Maximum  and  Minimum 
values)  that  you  want  as  output  of  this  program.  When  ready,  press  i!r!"!!?!. 
The  selected  values  will  be  listed,  appropriately  labeled,  in  the  screen  of  your 
calculator.  For  example: 


gSinCLE-VflRIflELE  STATISTICS^ 
EPflT:  112.11     [l.„,     CCI:  1 

Typ<:  Sample 


ROVRD 

Mean: 2. 13333333333 
Std  Dey: .964207949406 
Variance: . 929696969697 
Total: 25. 6 
Maximum: 4. 5 
Minimum: 1 . 1 


CAnCL    OK    H  EDAT   EF-AR  CASDI 


Sample  vs.  population 

The  pre-programmed  functions  for  single-variable  statistics  used  above  can  be 
applied  to  a  finite  population  by  selecting  the  Type:  Population  in  the 
SINGLE-VARIABLE  STATISTICS  Screen.  The  main  difference  is  in  the  values 
of  the  variance  and  standard  deviation  which  are  calculated  using  n  in  the 
denominator  of  the  variance,  rather  than  (n-1).  For  the  example  above,  use 
now  the  lESnie]  soft  menu  key  to  select  population  as  Type:  and  re-calculate 
measures: 


^SinCLE-VARIARLE  STATISTICSi 
EDAT:  [[2.  1]     [I....     CCI:  1 

Typ<  ■ 


SOApl.« 

m 


met 


_^u^u^   nuAinun  _n3.113.HUA 


CAnCL  OK 


gSinCLE-VARIARLE  STATISTICS^ 
EPflT:  [[2.  1]    [l.„.    C*l:  1 

Typ«:  Populat  ion 

^T^tol.  ^Ho^iHUA  ^HiniHUA 
Col.cul.ot«  c«I.UHn  AiniHUA? 


CAACL  OK 
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Mean: 
Std  Dey: 
Variance: 


2. 13333333333 
.923153323275 
.352222222222 
Total: 25. 6 
Maximum: 4. 5 
Minimum: 1 . 1 


obtaining  frequency  distributions 

The  application  2.  Frequencies.,  in  the  STAT  menu  can  be  used  to  obtain 
frequency  distributions  for  a  set  of  data.  The  data  must  be  present  in  the  form 
of  a  column  vector  stored  in  variable  ZDAT.  To  get  started,  press 
[  i->  J  STAT       SEIoH.  The  resulting  input  form  contains  the  follov/ing  fields: 


SDAT: 

the  matrix  containing  the  data  of  interest. 

Col: 

the  column  of  SDAT  that  is  under  scrutiny. 

X-Min: 

the  minimum  class  boundary  to  be  used  in  the 

frequency  distribution  (default  =  -6.5). 

Bin  Count: 

the  number  of  classes  used  in  the  frequency  distribution 

(default  =  13). 

Bin  Width: 

the  uniform  v/idth  of  each  class  in  the  frequency 

distribution  (default  =  1). 

Given  a  set  of  n  data  values:  {x,,  X2,  xj  listed  in  no  particular  order,  one 
can  group  the  data  into  a  number  of  classes,  or  bins  by  counting  the 
frequency  or  number  of  values  corresponding  to  each  class.  The  application 
2.  Frequencies.,  in  the  STAT  menu  v^ill  perform  this  frequency  count,  and  v/ill 
keep  track  of  those  values  that  may  be  below  the  minimum  and  above  the 
maximum  class  boundaries  (i.e.,  the  outliers). 


As  an  example,  generate  a  relatively  large  data  set,  say  200  points,  by  using 
the  command  RANM({200, 1 }),  and  storing  the  result  into  variable  SDAT,  by 
using  function  STOZ  (see  example  above).  Next,  obtain  single-variable 
information  using:  [  r»  J  ^tat  llSSil.  The  results  are: 


^/ariance:  31 . 0395723643 
Total :(-S5.) 
Maximum: 9. 
Minimum:  (-9. ) 
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This  information  indicates  that  our  data  ranges  from  -9  to  9.  To  produce  a 
frequency  distribution  we  will  use  the  interval  (-8,8)  dividing  it  into  8  bins  of 
width  2  each. 

•  Select  the  program  2.  Frequencies.,  by  using  03 ^5^^^^  ™ii3.  The 
data  is  already  loaded  in  SDAT,  and  the  option  Col  should  hold  the  value 
1  since  we  have  only  one  column  in  SDAT. 

•  Change  X-Min  to  -8,  Bin  Count  to  8,  and  Bin  Width  to  2,  then  press  Klifl. 

Using  the  RPN  mode,  the  results  are  shown  in  the  stock  as  a  column  vector  in 
stack  level  2,  and  a  row  vector  of  two  components  in  stack  level  1 .  The 
vector  in  stack  level  1  is  the  number  of  outliers  outside  of  the  interval  where 
the  frequency  count  was  performed.  For  this  case,  I  get  the  values  [  14.  8.] 
indicating  that  there  are,  in  the  SDAT  vector,  14  values  smaller  than  -8  and  8 
larger  than  8. 

•  Press  [_4J  to  drop  the  vector  of  outliers  from  the  stack.  The  remaining 
result  is  the  frequency  count  of  data. 

The  bins  for  this  frequency  distribution  will  be:  -8  to  -6,  -6  to  -4, 

4  to  6,  and  6  to  8,  i.e.,  8  of  them,  with  the  frequencies  in  the  column  vector  in 

the  stack,  namely  (for  this  case): 

23,  22,  22,  17,  26,  15,  20,  33. 

This  means  that  there  are  23  values  in  the  bin  [-8, -6],  22  in  [-6,-4],  22  in  [-4,- 
2],  17  in  [-2,0],  26  in  [0,2],  15  in  [2,4],  20  in  [4,6],  and  33  in  [6,8].  You 
can  also  check  that  adding  all  these  values  plus  the  outliers,  14  and  8,  show 
above,  you  will  get  the  total  number  of  elements  in  the  sample,  namely,  200. 

Fitting  data  to  a  function  y  =  f(x) 

The  program  3.  Fit  data..,  available  as  option  number  3  in  the  STAT  menu, 
can  be  used  to  fit  linear,  logarithmic,  exponential,  and  power  functions  to 
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data  sets  (x,y),  stored  in  columns  of  the  ZDAT  matrix.  For  this  application, 
you  need  to  have  at  least  two  columns  in  your  2DAT  variable. 


For  example,  to  fit  a  linear  relationship  to  the  data  shov/n  in  the  table  below: 


X 

y 

0 

0.5 

1 

2.3 

2 

3.6 

3 

6.7 

4 

7.2 

5 

11 

First,  enter  the  two  columns  of  data  into  variable  SDAT  by  using  the  matrix 
writer,  and  function  STOS. 

To  access  the  program  3.  Fit  data..,  use  the  following  keystrokes: 
[  J  _s]Ar  <^  <^  J  J,' \ .  ..j...  The  input  form  will  show  the  current  SDAT, 
already  loaded.  If  needed,  change  your  set  up  screen  to  the  following 
parameters  for  a  linear  fitting: 


 FIT  DflTfl  j 

K-C*l:   1  1-OI.-2 

M*d<i:  Linear  Fit 
Ent«r  ftatiftica  I  data 


EDIT  CHOO£ 


PRED  CHnCL  OK 


To  obtain  the  data  fitting  press 


The  output  from  this  program. 


shown  below  for  our  particular  data  set,  consists  of  the  following  three 
lines  in  RPN  mode: 


3:    '0.195238095238  +  2 . 00857242857*X ' 
2:  Correlation:  0.983781424465 
1:  Covariance :  7.03 
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Level  3  shows  the  form  of  the  equation.  Level  2  shoves  the  sample  correlation 
coefficient,  and  level  1  shov/s  the  covariance  of  x-y.  For  definitions  of  these 
parameters  see  Chapter  1 8  in  the  user's  guide. 

For  additional  information  on  the  data-fit  feature  of  the  calculator  see  Chapter 
1  8  in  the  user's  guide. 

Obtaining  additional  summary  statistics 

The  application  4.  Summary  stats.,  in  the  STAT  menu  can  be  useful  in  some 

calculations  for  sample  statistics.  To  get  started,  press  (^r^l  ^tat  once  more, 
move  to  the  fourth  option  using  the  dov/n-arrov/  key  ,  and  press  luSiS. 
The  resulting  input  form  contains  the  following  fields: 


£DAT;  the  matrix  containing  the  data  of  interest. 

X-Col,  Y-Col;  these  options  apply  only  when  you  have  more  than  two 
columns  in  the  matrix  SDAT.  By  default,  the  x  column  is 
column  1,  and  the  y  column  is  column  2.  If  you  have  only 
one  column,  then  the  only  setting  that  makes  sense  is  to  have 
X-Col:  1 . 

_sx_  EY...:  summary  statistics  that  you  can  choose  as  results  of  this 
program  by  checking  the  appropriate  field  using  [^^CHK] 
when  that  field  is  selected. 


Many  of  these  summary  statistics  are  used  to  calculate  statistics  of  two 
variables  (x,y)  that  may  be  related  by  a  function  y  =  f(x).  Therefore,  this 
program  can  be  thought  off  as  a  companion  to  program  3.  Fit  data.. 

As  an  example,  for  the  x-y  data  currently  in  EDAT,  obtain  all  the  summary 
statistics. 

•  To  access  the  summary  stats...  option,  use:  I    J  JJi^  <^  ^V?  ^V?  SEII19 

•  Select  the  column  numbers  corresponding  to  the  x-  and  y-data,  i.e.,  X-Col: 
1,  and  Y-Col:  2. 

•  Using  the  ll^^allll  key  select  all  the  options  for  outputs,  i.e.,  _SX,  _ZY,  etc. 
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SUMMflRV  STATISTICS 
EDflT:     [[    0.     .5    ]    [    1.  „, 

K-C*l:    1  Y-C*l:2 

^EK  ^EV   ^EKa^EVa  ^EKV  ^nE 


Press  ISuSSn  to  obtain  the  following  results: 


2X:  15. 

2Y:  31.3 

2X2:  55. 

2Y2:  236.23 

2XY:  113.4 

H2:  6. 

EDflT  lEPflRl         1         1  1 

Confidence  intervals 

The  application  6.  Conf  Interval  can  be  accessed  by  using  STAiy^ 
yilyHiii.  The  application  offers  the  following  options: 


a.a-ini:  ni-na.. 

3.a-inT:  1  p.. 

H.a-inT:  Pi-pa.. 

S.T-ini:   1  H.. 

fi.T-ini:  H1-H2.. 

1       1       1  IcflncLl 

OK 

These  options  are  to  be  interpreted  as  follows: 

1.  Z-INT:  1  |i.:  Single  sample  confidence  interval  for  the  population  mean,  |a, 
with  known  population  variance,  or  for  large  samples  with  unknown 
population  variance. 

2.  Z-INT:  nl-(x2.:  Confidence  interval  for  the  difference  of  the  population 
means,  \X2,  with  either  known  population  variances,  or  for  large 
samples  with  unknown  population  variances. 

3.  Z-INT:  1  p.:  Single  sample  confidence  interval  for  the  proportion,  p,  for 
large  samples  with  unknown  population  variance. 
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4.  Z-INT:  pi-  p2.:  Confidence  interval  for  the  difference  of  two  proportions, 
Pi-p2/  for  large  samples  witfi  unknown  population  variances. 

5.  T-INT:  1        Single  sample  confidence  interval  for  tfie  population  mean,  |i, 
for  small  samples  with  unknown  population  variance. 

6.  T-INT:  [i\-[i2.:    Confidence  interval  for  the  difference  of  the  population 
means,      yL2,  for  small  samples  with  unknown  population  variances. 

Example  1  -  Determine  the  centered  confidence  interval  for  the  mean  of  a 
population  if  a  sample  of  60  elements  indicate  that  the  mean  value  of  the 
sample  is  x  =  23.2,  and  its  standard  deviation  is  s  =  5.2.  Use  a  =  0.05. 
The  confidence  level  is  C  =  1-a  =  0.95. 

Select  case  1  from  the  menu  shown  above  by  pressing  Enter  the  values 

required  in  the  input  form  as  shown: 


^conr.  inr.:  i 

EDIT  1         1  HELP  1         ICHnCLI  OK 

Press  EHm  to  obtain  a  screen  explaining  the  meaning  of  the  confidence 
interval  in  terms  of  random  numbers  generated  by  a  calculator.  To  scroll 
down  the  resulting  screen  use  the  down-arrow  key  .  Press  ISuHII  when 
done  with  the  help  screen.  This  will  return  you  to  the  screen  shown  above. 

To  calculate  the  confidence  interval,  press  lEICll.  The  result  shown  in  the 
calculator  is:   

Critical  z=±l.  959964 
n  Hin  =21.93424 
V.  »iy.  =£4.61576 


HELP  iGRHPHlCHnCLl  OK 


Press  BjlliGIII  to  see  a  graphical  display  of  the  confidence  interval  information: 
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0 

-1.S5! 
21.32 

JSSH      Crit.  Z  l.S 

Han          CI  aH.( 

23,3 

1  1 

HELP  1  TEKT  ICflnCLl  OK 

The  graph  shows  the  standard  normal  distribution  pdf  (probability  density 
function),  the  location  of  the  critical  points  ±Za/2,  the  mean  value  (23.2)  and 
the  corresponding  interval  limits  (21.88424  and  24.51576).  Press  li!3ilijl  to 
return  to  the  previous  results  screen,  and/or  press  SS3SB!  to  exit  the  confidence 
interval  environment.    The  results  will  be  listed  in  the  calculator's  display. 

Additional  examples  of  confidence  interval  calculations  are  presented  in 
Chapter  1  8  in  the  calculator's  user's  guide. 

Hypothesis  testing 

A  hypothesis  is  a  declaration  made  about  a  population  (for  instance,  with 
respect  to  its  mean).  Acceptance  of  the  hypothesis  is  based  on  a  statistical 
test  on  a  sample  taken  from  the  population.  The  consequent  action  and 
decision-making  are  called  hypothesis  testing. 

The  calculator  provides  hypothesis  testing  procedures  under  application  5. 
Hypoth.  tests.,  can  be  accessed  by  using  Ij:^!  ^wt-^/^/a^  SuIISS. 

As  with  the  calculation  of  confidence  intervals,  discussed  earlier,  this  program 
offers  the  following  6  options: 


a.z-Uft:  ni-na.. 

3.Z-Hft:   1  p.. 

H.z-Uft:  Pi-pa.. 

S.T-Uft:   1  H.. 

e.T-T<ft:  Hl-H2.. 

1       1       1  IcSnor 

OK 

These  options  are  interpreted  as  in  the  confidence  interval  applications: 
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1.  Z-Test:  1  Single  sample  hypothesis  testing  for  the  population  mean,  |i, 
with  known  population  variance,  or  for  large  samples  with  unknown 
population  variance. 

2.  Z-Test:  (j,l-^2.:  Hypothesis  testing  for  the  difference  of  the  population 
means,  [i2,  with  either  known  population  variances,  or  for  large 
samples  with  unknown  population  variances. 

3.  Z-Test:  1  p.:  Single  sample  hypothesis  testing  for  the  proportion,  p,  for 
large  samples  with  unknown  population  variance. 

4.  Z-Test:  pi-  p2.:  Hypothesis  testing  for  the  difference  of  two  proportions, 
prP2/  for  large  samples  with  unknown  population  variances. 

5.  T-Test:  1  |j,.:  Single  sample  hypothesis  testing  for  the  population  mean, 
for  small  samples  with  unknown  population  variance. 

6.  T-Test:  \x\-\ji2.:  Hypothesis  testing  for  the  difference  of  the  population 
means,  Hi- 1^2,  for  small  samples  with  unknown  population  variances. 

Try  the  following  exercise: 

Example  1  -  For  \iq  =  1 50,  a  =  1 0,  x  =  1 58,  n  =  50,  for  a  =  0.05,  test  the 
hypothesis  Hg:  (j,  =  [Iq,  against  the  alternative  hypothesis,  H^:  (Xq- 

Press  (j^l  statYj^c"^  to  access  the  confidence  interval  feature  in  the 

calculator.    Press  BSUSS  to  select  option  1 .  Z-Test:  1  (x. 

Enter  the  following  data  and  press  llSSil: 


^Z-TEST:  1 

t:  10. 

X  '• 

15S. 

n: 

50. 

.05 

nuu 

EDIT  1         1  HELP  1         ICHnCLI  OK 

You  are  then  asked  to  select  the  alternative  hypothesis: 
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n- 

nuu 

IZ-TEST:  1  kj  KnoHn 

1       1       1  icflncLl 

OK 

Select    ^  150.  Then,  press  SEI&.  The  result  is: 


5.656S54 

Pr*b= 

1.541726E-S 

±1.959964 

{1147.2,  152. SJ 

\         \  HELP  IGRHPHICHnCLI  OK 

Then,  we  reject  Hq:  |a  =  150,  against  Hi:  |a  ^  150.  The  test  z  value  is  Zq  = 
5.656854.  The  P-volue  is  1.54x10"^.  The  critical  values  of  +Za/2  = 
±1 .959964,  corresponding  to  critical  x  range  of  {147.2  152.8}. 

This  information  can  be  observed  graphically  by  pressing  the  soft-menu  key 


-1.S5SSSH  -Krit.  Z-^  1.55SSSH 

TsJt  2=5.656g5H| 
n=15g. 

iH?.aaga  +<rit.  n-t  i5a.??ig 


HELP   TEKT  CflnCL  OK 


Reference 

Additional  materials  on  statistical  analysis,  including  definitions  of  concepts, 
and  advanced  statistical  applications,  are  available  in  Chapter  1 8  in  the 
user's  guide. 
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Chapter  1 7 

Numbers  in  Different  Bases 


Besides  our  decimal  (base  10,  digits  =  0-9)  number  system,  you  can  work 
with  a  binary  system  (base  2,  digits  =  0,1),  an  octal  system  (base  8,  digits  = 
0-7),  or  a  hexadecimal  system  (base  1 6,  digits=0-9,A-F),  among  others.  The 
same  way  that  the  decimal  integer321  means  3x10^-1-2x10^-1-1x10°,  the 
number  1001 10,  in  binary  notation,  means 

1x2^  -I-  0x2^  +  0x23  +  1x22  +  ^^21  -1-  0x2°  =  32+0-1-0+4-1-2+0  =  38. 


The  BASE  menu 

The  BASE  menu  is  accessible  through  [  J  base  (the  [  3  J  key).  With  system 
flag  1 1 7  set  to  CHOOSE  boxes  (see  Chapter  1  in  this  guide),  the  following 
entries  are  available: 


SflSE  HEnu 

3.0CT  K 

H.Ein  K 

5.R-* 

1       1       1  icflncL 

OK 

EHfE  HEnu 

?. LOGIC. 

g.EIT.. 

S.EVTE.. 

10.  £TH£ 

11.  RCH^  1 

narmr^^^^Hl 

1     1  1 

ICHRCL 

OK 

With  system  flag  1 1 7  set  to  SOFT  menus,  the  BASE  menu  shows  the  following: 


■ 

■ 

SGIC^T^rVTE 

This  figure  shows  that  the  LOGIC,  BIT,  and  BYTE  entries  within  the  BASE  menu 
are  themselves  sub-menus.  These  menus  are  discussed  in  detail  in  Chapter  19 
of  the  calculator's  user's  guide. 


Writing  non-decimal  numbers 

Numbers  in  non-decimal  systems,  referred  to  as  binary  integers,  are  written 
preceded  by  the  #  symbol  (C3?  )  in  the  calculator.  To  select  the  current 
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base  to  be  used  for  binary  integers,  choose  either  HEX(adecimal),  DEC(imal), 
OCT(al),  or  BIN(ary)  in  the  BASE  menu.  For  example,  if  IIIHlIhI  is  selected, 
binary  integers  will  be  a  hexadecimal  numbers,  e.g.,  #53,  #A5B,  etc.  As 
different  systems  are  selected,  the  numbers  will  be  automatically  converted  to 
the  new  current  base. 

To  write  a  number  in  a  particular  system,  start  the  number  with  #  and  end 
with  either  h  (hexadecimal),  d  (decimal),  o  (octal),  or  b  (binary),  examples: 


HEX 

:  # 

R2F0hi 

#  R2F0h 

:  # 

2BC10hi 

#  2BC10h 

:  # 

125hi 

#  125h 

OCT 


#  121360O 

#  536020O 

#  445o 


#  1213600 

#  5360200 


,  #  445o 


DEC 

:  # 

41712d 

#  41712d 

:  # 

179216d 

#  179216d 

:  # 

293d 

#  293d 

BIN 


#  1010001011110000b  I 
#  1010001011110000b 

^  101011110000010000b 
#  101011110000010000b 

#  100100101b 

,  tt  100100101b 


Reference 

For  additional  details  on  numbers  from  different  bases  see  Chapter  1 9  in  the 
calculator's  user's  guide. 
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Chapter  18 


Using  SD  cards 

The  calculator  provides  a  memory  card  port  where  you  can  insert  an  SD  flash 
card  for  backing  up  calculator  objects,  or  for  downloading  objects  from  other 
sources.  The  SD  card  in  the  calculator  will  appear  as  port  number  3. 

Accessing  an  object  from  the  SD  card  is  performed  similarly  as  if  the  object 
were  located  in  ports  0,  1,  or  2.  However,  Port  3  will  not  appear  in  the  menu 

when  using  the  LIB  function  (L    J  ).   The  SD  files  can  only  be  managed 

using  the  Filer,  or  File  Manager  (I  *i  Jf'^^  ).  When  starting  the  Filer,  the  Tree 
view  will  show: 

e:  IRRM 

i  I  iEFcRM 
Si:  H  FL-RSH 

3 11  SO 
H 

I  — sub— d  i  rc-ct-or  i  ci-s 


When  you  enter  in  the  SD  tree,  all  objects  will  appear  as  backup  objects. 
Therefore,  it  is  not  possible  to  tell  what  type  a  given  objects  by  just  looking  at 
its  name  in  the  Filer.  Long  names  are  supported,  however  all  names  longer 
than  62  characters  will  be  ignored.  THIS  IS  IMPORTANT,  names  longer  than 
62  characters  can't  be  used  with  the  Filer  and  will  simply  be  ignored. 

As  an  alternative  to  using  the  File  Manager  operations,  you  can  use  functions 
STO  and  RCL  to  store  and  recall  objects  from  the  SD  card,  as  shown  below. 

Storing  objects  in  the  SD  card 

You  can  only  store  an  object  at  the  root  of  the  SD,  i.e.,  no  sub-directory  tree 
can  be  build  into  Port  3  (This  feature  may  be  enhanced  in  a  future  flash  ROM 
upgrade).   To  store  an  object,  use  function  STO  as  follows: 

•  In  algebraic  mode: 

Enter  object,  press  Isro^J,  type  the  name  of  the  stored  object  using  port  3 
(e.g.,  =  3  =  VFiR  1 ),  press  fjiM) . 

•  In  RPN  mode: 
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Enter  object,  type  the  name  of  the  stored  object  using  port  3  (e.g., 
=  3  =  VflR  1 ),  press  . 

Recalling  an  object  from  the  SD  card 

To  recall  an  object  from  the  SD  card  onto  the  screen,  use  function  RCL,  as 
follows: 

•  In  algebraic  mode: 

Press  I  *-\  jip-    ,  type  the  name  of  the  stored  object  using  port  3  (e.g., 
"  3 "  VRR 1 ),  press  [inter}  . 

•  in  RPN  mode: 

Type  the  name  of  the  stored  object  using  port  3  (e.g.,  =  3°  VRRl),  press 

With  the  RCL  command,  it  is  possible  to  recall  variables  by  specifying  a  path 
in  the  command,  e.g.,  in  RPN  mode:  "3"  {  path}  [inter)  RCL.  The  path, 
like  in  a  DOS  drive,  is  a  series  of  directory  names  that  locate  the  position  of 
the  variable  v/ithin  a  directory  tree.  However,  some  variables  stored  within  a 
backup  object  cannot  be  recalled  by  specifying  a  path.  In  this  case,  the  full 
backup  object  (e.g.,  a  directory)  will  have  to  be  recalled,  and  the  individual 
variables  then  accessed  in  the  screen. 

Purging  an  object  from  the  SD  card 

To  purge  an  object  from  the  SD  card  onto  the  screen,  use  function  PURGE,  as 

follows: 

•  In  algebraic  mode: 

Press  [tool)  iSMM,  type  the  name  of  the  stored  object  using  port  3  (e.g., 
"  3 "  'v'FiR  1 ),  press  [inter)  . 

•  In  RPN  mode: 

Type  the  name  of  the  stored  object  using  port  3  (e.g.,  =  3=  VinRl),  press 
(too]  iLilLlEHis. 
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Limited  Warranty 

hp  49g+  graphing  calculator;  Warranty  period:  1  2  months 

1.  HP  warrants  to  you,  the  end-user  customer,  that  HP  hardware, 
accessories  and  supplies  will  be  free  from  defects  in  materials  and 
workmanship  after  the  date  of  purchase,  for  the  period  specified 
above.  If  HP  receives  notice  of  such  defects  during  the  warranty  period, 
HP  will,  at  its  option,  either  repair  or  replace  products  which  prove  to 
be  defective.  Replacement  products  may  be  either  new  or  like-new. 

2.  HP  warrants  to  you  that  HP  software  will  not  fail  to  execute  its 
programming  instructions  after  the  date  of  purchase,  for  the  period 
specified  above,  due  to  defects  in  material  and  workmanship  when 
properly  installed  and  used.  If  HP  receives  notice  of  such  defects 
during  the  warranty  period,  HP  will  replace  software  media  which 
does  not  execute  its  programming  instructions  due  to  such  defects. 

3.  HP  does  not  warrant  that  the  operation  of  HP  products  will  be 
uninterrupted  or  error  free.  If  HP  is  unable,  within  a  reasonable  time,  to 
repair  or  replace  any  product  to  a  condition  as  warranted,  you  will  be 
entitled  to  a  refund  of  the  purchase  price  upon  prompt  return  of  the 
product  with  proof  of  purchase. 

4.  HP  products  may  contain  remanufactured  parts  equivalent  to  new  in 
performance  or  may  have  been  subject  to  incidental  use. 

5.  Warranty  does  not  apply  to  defects  resulting  from  (a)  improper  or 

inadequate  maintenance  or  calibration,  (b)  software,  interfacing,  parts 
or  supplies  not  supplied  by  HP,  (c)  unauthorized  modification  or  misuse, 
(d)  operation  outside  of  the  published  environmental  specifications  for 
the  product,  or  (e)  improper  site  preparation  or  maintenance. 

6.  HP  MAKES  NO  OTHER  EXPRESS  WARRANTY  OR  CONDITION 
WHETHER  WRIHEN  OR  ORAL.  TO  THE  EXTENT  ALLOWED  BY  LOCAL 
LAW,  ANY  IMPLIED  WARRANTY  OR  CONDITION  OF 
MERCHANTABILITY,  SATISFACTORY  QUALITY,  OR  FITNESS  FOR  A 
PARTICULAR  PURPOSE  IS  LIMITED  TO  THE  DURATION  OF  THE 
EXPRESS  WARRANTY  SET  FORTH  ABOVE.  Some  countries,  states  or 
provinces  do  not  allow  limitations  on  the  duration  of  an  implied 
warranty,  so  the  above  limitation  or  exclusion  might  not  apply  to  you. 
This  warranty  gives  you  specific  legal  rights  and  you  might  also  have 
other  rights  that  vary  from  country  to  country,  state  to  state,  or  province 
to  province. 
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7.  TO  THE  EXTENT  ALLOWED  BY  LOCAL  LAW,  THE  REMEDIES  IN  THIS 
WARRANTY  STATEMENT  ARE  YOUR  SOLE  AND  EXCLUSIVE 
REMEDIES.  EXCEPT  AS  INDICATED  ABOVE,  IN  NO  EVENT  WILL  HP 
OR  ITS  SUPPLIERS  BE  LIABLE  FOR  LOSS  OF  DATA  OR  FOR  DIRECT, 
SPECIAL,  INCIDENTAL,  CONSEQUENTIAL  (INCLUDING  LOST  PROFIT 
OR  DATA),  OR  OTHER  DAMAGE,  WHETHER  BASED  IN  CONTRACT, 
TORT,  OR  OTHERWISE.  Some  countries,  States  or  provinces  do  not 
allow  the  exclusion  or  limitation  of  incidental  or  consequential 
damages,  so  the  above  limitation  or  exclusion  may  not  apply  to  you. 

8.  The  only  warranties  for  HP  products  and  services  are  set  forth  in  the 
express  warranty  statements  accompanying  such  products  and  services. 
HP  shall  not  be  liable  for  technical  or  editorial  errors  or  omissions 
contained  herein. 

FOR  CONSUMER  TRANSAQIONS  IN  AUSTRALIA  AND  NEW  ZEALAND:  THE 
WARRANTY  TERMS  CONTAINED  IN  THIS  STATEMENT,  EXCEPT  TO  THE  EXTENT 
LAWFULLY  PERMIHED,  DO  NOT  EXCLUDE,  RESTRO  OR  MODIFY  AND  ARE  IN 
ADDITION  TO  THE  MANDATORY  STATUTORY  RIGHTS  APPLICABLE  TO  THE 
SALE  OF  THIS  PRODUQ  TO  YOU. 

Service 


Country :  A^^^B 

Telephone  numbers 

Austria 

+43-1-3602771203 

Belgium 

+32-2-7126219 

Denmark 

+45-8-2332844 

Eastern  Europe  countries 

+420-5-41422523 

Finland 

+358-9-640009 

France 

+33-1-49939006 

Germany 

+49-69-95307103 

Greece 

+420-5-41422523 

Holland 

+31-2-06545301 

Italy 

+39-02-75419782 

Norway 

+47-63849309 

Portugal 

+351-229570200 

Spain 

+34-915-642095 

Sweden 

+46-851992065 

Switzerland 

+41-1-4395358  (German) 

+41-22-8278780  (French) 
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Asia  Pacific 


L.  America 


N.Anierica 


+OV-UZ-/  04- 1  7  /  0/  ^iTuiianj 

Turkey 

+420-5-41422523 

UK 

+44-207-4580161 

Czech  Republic 

+420-5-41422523 

South  Africa 

+27-1 1-2376200 

Luxembourg 

+32-2-7126219 

Other  European 

+420-5-41422523 

countries 

Country :  I^^^H 

%    Telephone  numbers  ^^^gg^ 

Australia 

+61-3-9841-521 1 

Singapore 

+61-3-9841-521  1 

Cnimtry  ! 

^  TelephnnA  niimhAr*:         -   - 

Argentina 

0-810-555-5520 

Brazil 

Sao  Paulo  3747-7799;  ROTC 

0-800-157751 

Mexico 

Mx  City  5258-9922;  ROTC 

01-800-472-6684 

Venezuela 

0800-4746-8368 

Chile 

800-360999 

Columbia 

9-800-114726 

Peru 

0-800-10111 

Central  America  & 

1-800-711-2884 

Caribbean 

Guatemala 

1-800-999-5105 

Puerto  Rico 

1-877-232-0589 

Costa  Rica 

0-800-01 1-0524 

G)untiiflHIH 

HA    Telephone  numbers  ^mm^ 

U.S. 

1 800-HP  INVENT 

Canada 

(905)  206-4663  or  800-  HP 

INVENT 

ROTC  =  Rest  of  the  country 
Please  logon  to  http://www.hp.com  for  the  latest  service  and  support 
information. 
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Regulatory  information 

This  section  contains  information  that  shows  how  the  hp  49g+  graphing  calculator  complies  with 
regulations  in  certain  regions.  Any  modifications  to  the  calculator  not  expressly  approved  by 
Hewlett-Packard  could  void  the  authority  to  operate  the  49g+  in  these  regions. 

USA 

This  calculator  generates,  uses,  and  can  radiate  radio  frequency  energy  and  may  interfere  with 

radio  and  television  reception.  The  calculator  complies  with  the  limits  for  a  Class  B  digital  device, 
pursuant  to  Part  1 5  of  the  FCC  Rules.  These  limits  are  designed  to  provide  reasonable  protection 
against  harmful  interference  in  a  residential  installation. 

However,  there  is  no  guarantee  that  interference  will  not  occur  in  a  particular  installation.  In  the 
unlikely  event  that  there  is  interference  to  radio  or  television  reception(which  can  be  determined 
by  turning  the  calculator  off  and  on),  the  user  is  encouraged  to  try  to  correct  the  interference  by 
one  or  more  of  the  following  measures: 

■  Reorient  or  relocate  the  receiving  antenna. 

■  Relocate  the  calculator,  with  respect  to  the  receiver. 

Connections  to  Peripheral  Devices 

To  maintain  compliance  with  FCC  rules  and  regulations,  use  only  the  cable  accessories  provided. 

Canada 

This  Class  B  digital  apparatus  complies  with  Canadian  ICES-003.  Cet  appareil  numerique  de  la 
classe  B  est  conforme  a  la  norme  NMB-003  du  Canada. 

Japan 

Disposal  of  Waste  Equipment  by  Users  in  Private  Household  in  the  European 
Union 


This  symbol  on  the  product  or  on  its  packaging  indicates  that  this  product  must 
not  be  disposed  of  with  your  other  household  waste.  Instead,  it  is  your 
responsibility  to  dispose  of  your  waste  equipment  by  handing  it  over  to  a 
designated  collection  point  for  the  recycling  of  waste  electrical  and  electronic 
equipment.  The  separate  collection  and  recycling  of  your  waste  equipment  at  the 


time  of  disposal  will  help  to  conserve  natural  resources  and  ensure  that  it  is 
recycled  in  a  manner  that  protects  human  health  and  the  environment.  For  more 
information  about  where  you  can  drop  off  your  waste  equipment  for  recycling,  please  contact 
your  local  city  office,  your  household  waste  disposal  service  or  the  shop  where  you  purchased  the 
product. 
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